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HE recent application’ of the 931-A 

multiplier phototube in the Morgan- 
Hodges phototimer has stimulated con- 
sideration of its use in the graphic recording 
of heart motion. Study of the electrical 
characteristics of the tube has indicated its 
suitability for this particular application 
and led to the construction of the appara- 
tus, termed the electrokymograph, to be 
described in this paper. 

The heart in its functioning as a circula- 
tory pump undergoes a continuously re- 
peated pulsatory motion. That each cham- 
ber of the heart and associated great vessels 
has its characteristic motion, and that this 
motion is characteristically altered in the 
presence of cardiovascular disease, has been 
well established.*:"-* The permanent graph- 
ic recording of this motion is a goal long 
desired and sought for, as the volume of 
literature indicates, but its attainment has 
been found to be difficult. 

The visualization of the motions of the 
heart that became possible with the aid of 
roentgenoscopy suggested the possibility of 
applying the roentgen ray to some means 
of graphic recording of this motion. In 1926 
Chamberlain and Dock! were able to make 
15 roentgenograms of the heart in one 


second by means of the Ruggles roentgen 
cinematograph. By superimposing these 
roentgenograms in chronological order and 
measuring the change in position of points 
on the heart border, they obtained curves 
representing the progress of heart motion. 
The curves so obtained are of practically 
the same shape and possibly more ac- 
curate than those recorded subsequently 
by the roentgen kymograph. Chamberlain 
suggested to us the possible value of ob- 
taining such records of heart border motion 
and stimulated us to investigate the prob- 
lem. The roentgen kymograph shows on a 
single film a graphic record of the move- 
ments of the border of an organ in one 
plane. The original idea of the kymograph 
is credited to Sabat,’ who did his work in 
igtt. Crane? in 1916 was the original 
American pioneer. Stumpf" devised the 
multiple slit kymograph in common use to- 
day. Hirsch,’*® Scott and 
Johnson,’ and Gillies and Kerr‘ have en- 
deavored in recent years to popularize the 
method in this country. : 

While much good work has been accom- 
plished by this method, roentgen kymogra- 
phy has not become established as a man- 
datory procedure in the examination of the 


* From the Department of Radiology, Temple University Hospital, Philadelphia. 


t Surgeon, U. S. Public Health Service. 
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heart. The explanation for this may pos- 
sibly be found in a prevalent attitude that 
this is an interesting procedure that can 
be done but does not necessarily need to be 
done. That is to say, it is believed by 
many that the information thus obtained 
only corroborates information obtained by 
other more established methods, and does 
not as yet provide significantly new in- 
formation. It seems that this is largely due 
to the analytic difficulties inherent in the 
unsharpness, the smallness, and the brevity 
of the recorded waves to be examined on 
the roentgen kymogram, together perhaps 
with the time-consuming nature of the 
analysis. 

Given a record that suitably improves or 
corrects these particular limiting factors, 
it is believed there will be a substantial gain 
in the clinical information obtainable by 
the analysis of heart motion. The records 
obtained by means of the present electro- 
kymograph overcome these difficulties, in 
producing a large, beam type, or electro- 
cardiographic type tracing of a chosen point 
on the cardiac silhouette on bromide paper, 
of as many consecutive cardiac cycles as 
may be desired. 


METHOD AND APPARATUS 


The electrokymograph utilizes the roent- 
gen-ray beam of the roentgenoscope. Its 
action may be outlined as follows (Fig. 1). 
Under the roentgenoscope the silhouette 
of the heart border may be seen to pulsate 
as the heart beats. If the roentgen-ray beam 
is restricted to a narrow rectangular area 
with its long dimension placed so as to be at 
right angles to the particular portion of the 
heart border under investigation, then the 
heart shadow will appear to move across 
this rectangle, covering more of it in the ex- 
pansile stage of the heart cycle and less of 
it in the contractile stage. The average in- 
tensity of the roentgen rays at the fluores- 
cent screen, over the whole rectangular 
area, thus varies in accordance with the 
motion of that portion of the heart border 
which is being scanned by the aperture. If 
the roentgen-ray intensity in respect to a 
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time axis were recorded without distortion, 
the record would indicate the motion of 
this portion of the heart border. 

Variation in roentgen-ray intensity could 
be measured and recorded by amplifying 
the current from an ionization chamber and 
applying this to a recording galvanometer. 
Such a method involves difficulties inherent 
in ionization chambers and stable high gain 
amplifiers. An easier solution of the prob- 
lem became possible when the Radio Cor- 
poration of America made available the 
multiplier phototube. This tube is used by 
Morgan’ in his exposure meter for roent- 
genography and the principle he so success- 
fully developed is used by us. The 931-A 
multiplier phototube which we use con- 
tains a photosensitive cathode surface (with 
high sensitivity to blue-rich light) which 
emits electrons when illuminated. These 
photoelectrons are directed by an electro- 
static field to a second surface called a dy- 
node. Each electron impinging on the dy- 
node surface knocks out several other 
electrons. These secondary electrons are 
then directed to a second dynode surface 
and they, in turn, knock out many times 
more new electrons. This multiplying 
process is repeated nine times, after which 
the greatly increased stream of electrons 
is collected by the anode and this consti- 
tutes the amplified current in the output 
circuit. The structure of the 931-A tube is 
very compact, being housed in a glass tube 
with over-all length of 9.4 cm. and a diame- 
ter of 3.3 cm. The current amplification in 
this tube alone is easily 100,000 for stable 
operation, and this may be increased to 
200,000 by raising the volts per stage to 
100. 

If a strip of fluorescent screen (Patterson 
type B, S in Fig. 2) is placed directly over 
the photosensitive area (JC, Fig. 2) of the 
931-A tube and roentgen rays fall on it, 
the fluorescent light emitted by the screen 
will illuminate the photosensitive cathode. 
Photoelectrons are then emitted and these 
are greatly increased in number as they 
progress within the 931-A tube from dy- 
node to dynode. When the shadow of the 


h 
t 
r 
t 
a 
g 
Tr 
Cc 
t 
C 
f 
t 
4 ( 


54, No. 3 


Electrokymograph for Recording Heart Motion 


Fic. 1. Roentgenoscopic posteroanterior view of patient’s chest. The diaphragm only (actual size) is illus- 
trated on two points of the patient’s cardiac silhouette. Note that the long axis of the diaphragm is placed 
in the direction of motion of the point of the heart border being investigated. As the heart goes into its 
contraction (dotted border) the shadow appears to move across the diaphragm. After the diaphragm 
system is properly aligned, the roentgen-ray beam is coned down by means of the roentgenoscope shutters 


to a small area as indicated by the dotted rectangle. 


heart border moves inward (due to a con- 
tractile movement of the heart) more of 
this strip of fluorescent screen is further ir- 
radiated by the roentgen-ray beam. Thus 
the total light which is emitted is increased 
and the photosensitive surface within the 
931-A tube responds by emitting a cor- 
respondingly increased number of electrons. 
Since the 931-A tube is operated in a range 
which is essentially free of distortion, the 
changes in output current are proportional 
to changes in position of the heart border 
over the narrow rectangular aperture de- 
fining the roentgen-ray beam. In practice 
the roentgen-ray beam is defined by a lead 
diaphragm system (D2, Fig. 2) mounted 


directly in front of the 931-A pick-up de- 
vice (and thus on the roentgenoscopist’s 
side of the patient) and not by the roent- 
genoscope shutter system (Fig. 3). This 
has the advantage that it better enables 
the operator to orient himself on the exact 
portion of the heart silhouette which he 
wishes to investigate and also he can rotate 
the slot so that it is at right angles to the 
heart border motion, as indicated by the 
two positions of the diaphragm in Figure 1. 

The dynodes of the 931-A tube are op- 
erated so that there is approximately a 100 
volt drop from one to the next. This re- 
quires a direct current potential source of 
adjustable voltage output which is sta- 
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Kic. 2. Arrangement of the 931-A tube in its housing. The illuminated cathode, /C, of the tube faces the 
fluorescent screen, S. Black paper (not shown) is wrapped around the screen and tube before the copper 
hood, H, is placed over it so as to exclude all external light. The lead diaphragm system, D2, with aperture 
5 by 20 mm. restricts the roentgen-ray beam striking §. The 931-A tube is fairly transparent to roentgen 
rays so that part of the beam passes out of the window, £, and falls on the fluorescent screen. This facili- 


tates proper aligning of the diaphragm. A bakelite facing, C, prevents metal from touching the patient’s 
skin. 


RG 


Fic. 3. Roentgenoscope, patient and 931-A pick-up device. A transverse section, P, of the patient with back 
to the roentgenoscope board, B, is shown. The roentgen-ray beam from the tube, 7, is limited by the 
roentgenoscope shutter, D,, and passes through the border of the heart, H, through the diaphragm, Ds, to 
the fluorescent screen, S. Light emitted by this screen falls on the photosensitive surface of the 931-A 
multiplier phototube. The emitted current is greatly amplified in this tube and further by amplifier, 4, 
which then operates the recording galvanometer, RG. The observer at O aligns the 931-A diaphragm by 
means of the fluorescent screen, F-F. 
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bilized against incoming power line voltage 
changes. Such a power supply is shown in 
the right upper part of Figure 4. The fil- 
tered current from this power supply passes 
through a well insulated and shielded con- 
ductor to the voltage divider built right on 
the socket of the 931-A tube (7). By solder- 
ing to the prongs of the tube socket ten 
0.1 megohm resistors, connected as shown, 
the high voltage is evenly distributed suc- 
cessively from dynode to dynode. A sep- 
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piece of fluorescent screen about 1.0 by 
2.§ cm. is placed against the glass envelope 
of the tube with the active side of the screen 
facing directly into the photosensitive sur- 
face of the 931-A tube. Black paper wound 
over this and around the tube not only 
holds the screen in place (which may be 
aided by strips of cellophane tape) but 
also keeps any external room light from 
reaching the photosensitive surface. The 
931-A tube unit consisting of the lead-dia- 
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Fic. 4. Schematic diagram of the electrokymograph. 5, fluorescent screen, sensitive surface facing [C; 
IC, illuminated cathode, photosensitive surface of 931-A; Ti, RCA 931-A multiplier phototube; P, col- 
lector plate or anode of 7; Ri—Rio, 0.1 megohm } watt resistor network soldered to socket of Ti; Ru, 


1 megohm potentiometer; Aj2, 0.1 megohm 1 watt; Ri;, 1 megohm } 
R\;, 0.1 megohm 2 watts; Ris, 1 megohm 3 watt; 


5 watt; Ris, 1 megohm volume control; 


Ri; and Ris, 0.3 megohm 2 watts; Ris, 6,000 ohms 2 


watts; Ry, 5,000 ohms 2 watts; 2,000 ohm potentiometer; 7», 2X2 879 rectifier; 6F 5; Ts, 6SN7; 
C; and C2, 1 mfd. 1,500 V condensers; C3, 0.03 mfd. paper; C;, 1 mfd. paper; Cs, 0.2 


0.25 mfd. paper; Cy, 1 mfd. 


paper; TR, 110 to 2,400 volt power transformer; ‘;, S, and S3, secondaries of filament transformer; G, 
ground or chassis connection; KG, connection to recording galvanometer. Voltage stabilizer, Sola constant 


voltage transformer 120 VA. 


arate shielded conductor from the anode 
(P) of the 931-A tube carries the output 
current to the amplifier. The cable connec- 
tions, voltage dividing resistors and tube 
socket are housed in a piece of bakelite 
tubing. After the 931-A tube is placed in 
its socket a hood (H, Fig. 2) made from 
copper tubing slips over the tube. On this 
hood is supported the lead-diaphragm sys- 
tem (Dz) which is properly aligned with 
the photosensitive surface of the tube. A 


phragm system, fluorescent screen, light 
shield, 931-A tube and socket, voltage di- 
viding resistors and cable connections is 
mounted on a support which is fastened 
by a set screw directly to the main fluores- 
cent screen. It is mounted on the tube and 
patient side of this screen and in the middle 
of the screen so that when the lead dia- 
phragm is properly aligned over the pa- 
tient’s heart border the shutters of the 
roentgenoscope can be closed down allow- 
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ing only a relatively small roentgen-ray 
beam to penetrate the patient (dotted 
rectangle, Fig. 1). This cuts down the ex- 
posure of the patient and the scattering of 
the roentgen rays by the patient’s tissues. 
A small slot 0.8 by 2.5 cm. is cut through 
the back of the copper housing of the 931-A 
tube. This allows the roentgen-ray beam, 
after passing through the patient’s heart 
border, the diaphragm system, the fluores- 
cent screen and the 931-A tube, to pass 
through to the screen. The roentgenoscopist 
can thus sometimes (when the contrast is 
high) see the heart border motion through 
the diaphragm system on the fluorescent 
screen and thus greatly facilitate the proper 
positioning of the pick-up device over the 
patient’s heart. A piece of bakelite (C) 
placed over the first lead diaphragm pre- 
vents metal from touching the patient as 
the unit is placed on the chest. 

If the patient holds his breath for the 
short length of time during which the mo- 
tion of the heart is being studied (for exam- 
ple, about 10 complete cycles), then com- 
plications from respiratory motion are 
eliminated. The output current from the 
g31-A tube is recorded by a resistance- 
coupled amplifier (one with a high time 
constant) in conjunction with a D’Arsonval 
galvanometer. 

This system produces clear-cut records. 
The current output of the 931-A tube when 
used with a conventional roentgenoscope 
and a rather heavy patient is not quite 
sufficient to operate directly the string 
galvanometer of an electrocardiograph. A 
one-stage vacuum tube amplifier will doubt- 
less take care of this deficiency. This will 
enable recordings to be made on standard 
equipment. Since this work has not yet 
been completed, only the amplifier and 
D’Arsonval galvanometer apparatus will 
be described. 

A direct current amplifier which is stable 
in operation (without drift) over a long 
period of time requires rather complicated 
stabilizing circuits and considerable care in 
its operation. Fortunately the requirements 
of an amplifier to be used between the out- 
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put of the 931-A tube and the D’Arsonval 
galvanometer are not so exacting. This is 
because it is a rather rapidly varying cur- 
rent that is being recorded and the record 
is made in a relatively short period of time. 
The type of amplifier used in the D’Arson- 
val galvanometer type electrocardiograph 
(that is with resistance condenser coupling 
between tubes) may be used. Care must be 
taken that the time constants (R XC) are 
great enough for the heart motion being 
recorded, or distortion of the curve will 
result. The amplifier we have designed and 
used (Fig. 4) employs two stages, the sec- 
ond tube being a twin triode arranged to 
form a bridge circuit. This has the ad- 
vantages of stability and the balancing out 
of the direct current component of the plate 
circuit which might otherwise pass through 
the galvanometer. Once the balance has 
been obtained by adjusting R»: (Fig. 4), 
no further adjustment is required for a long 
period of time. 

The DC power supply shown in the 
upper right hand part of Figure 4 provides 
a stabilized voltage for the 931-A tube. The 
potential at 4-B is 1,400 volts. This is 
made adjustable by the rheostat Rj, so 
that the voltage applied to voltage divider 
R,—-R, may be varied. By gradually rais- 
ing this voltage the amplification of 7, is 
increased until maximum amplification is 
obtained without objectionable tube noise. 
The rheostat Ri; may then be left in this 
position, without further adjustment. In 
practice the lead diaphragm of 7, is prop- 
erly aligned on the patient’s heart border, 
the power supply is turned on, and after the 
tube filaments have warmed up, the gain 
control Ry, is rotated from the minimum 
position upward until a satisfactory ampli- 
tude of motion is indicated by the recording 
galvanometer connected to RG. Care’ was 
taken in designing the amplifier to balance 
the values of the resistors and condensers in 
the networks so that high fidelity was ob- 
tained together with a fair degree of ampli- 
fication. The power pack supplying the 250 
volts to T; and JT, is not shown. This is 
built according to conventional radio tech- 
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nique and utilizes a 300-0-300 volt power 
transformer with full wave rectification (80 
tube) and a three-section condenser input 
filter. Three 16 mfd. electrolytic condensers 
and two 10 henry chokes are used with a 
40,000 ohm bleeder resistor. The negative 
side is grounded. 

The roentgen tube of a roentgenoscope is 
energized with a high voltage current that 
is pulsating. In full wave-rectification there 
will be 120 pulses of current per second to 
the tube and this results in 120 roentgen- 
ray pulses per second. These roentgen-ray 
pulses are faithfully reproduced by the 
g31-A tube and, unless suppressed, cause a 


very disturbing broadening and fuzziness of 


the recording curve which obliterates much 
of the fine detail otherwise present. For 
this reason low pass electrical filtration is 
incorporated in the amplifier (C3, Ris and 
C;, Ris, Fig. 4), with values of condensers 
and resistors chosen so that the low fre- 
quency components of the heart movement 
wave are passed with no appreciable dis- 
tortion while the 120 cycle ripple is highly 
suppressed. This system is simple, and 
numerous tests on the fidelity of recording 
have shown that for practical purposes 
nothing is lost from the heart motion 
curve. Incidentally, an effort was made to 
smooth out the roentgen-ray ripple by 
connecting condensers in the high tension 
circuit of the roentgen tube. Using a con- 
denser with an effective capacity of 0.25 
mfd. across the high potential and 3 ma. 
through the roentgen tube (giving a time 
constant of many seconds), it could be 
shown that the voltage ripple was only a 
fraction of 1 per cent. Our tracings indi- 
cated that the roentgen-ray ripple was con- 
siderably more than this. This was traced 
to the alternating current which heated the 
filament of the roentgen tube. Since the 
filament cools momentarily between the 
current impulses, its electron emission 
simultaneously decreases with a consequent 
diminution in the roentgen-ray emission. 
This results in considerable roentgen-ray 
ripple even though the tube is supplied with 
a perfect constant potential. The ripple was 
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readily picked up with our apparatus and 
its source was demonstrated when we could 
almost completely eliminate it by heating 
the filament with direct current from a bat- 
tery. A single condenser discharge through 
the roentgen tube then gave a tracing en- 
tirely free of ripple. The routine use of a 
battery in the high tension line to heat the 
filament of the tube of the roentgenoscope 
is not practical, for the battery requires 
periodic charging and care, and the voltage 
tends to drop as it is used between charg- 
ings. The high voltage condenser is not an 
insurmountable obstacle but it requires 
space and is fairly expensive. Furthermore, 
unless very high capacities are used, some 
objectionable ripple will remain as we found 
with the 0.25 mfd. condenser. We therefore 
aimed at taking out the effect of the ripple 
in the amplifier, as mentioned above. For- 
tunately, this can be done without produc- 
ing appreciable distortion in the recorded 
heart motion curve. 

The recording galvanometer is of the per- 
manent magnet D’Arsonval type such as is 
used in an electrocardiograph. The sensitiv- 
ity is about 10 cm. per milliampere with a 
distance of 40 cm. from the galvanometer 
mirror to the film. The lighting system con- 
sists of a 1§ CP 6 volt lamp in a housing 
with the usual lens-slit system to throw a 
narrow vertical beam of light from the gal- 
vanometer mirror on the opening of the re- 
cording camera. Above the opening of the 
camera is a white scale onto which part of 
the beam of light from the galvanometer 
falls, allowing direct observation of the 
beam from above, before and during re- 
cording. The bromide paper (6 cm. wide) 
in the camera is moved in the usual way 
with an electric motor. A speed of 50mm. 
per second has been found to be about 
optimal for recording these waves which 
are spread out enough in respect to the hori- 
zontal timing axis to show excellent detail. 
As a time marker we are using an additional 
galvanometer similar to the one mentioned 
above, and employing the same light 
source. The timing galvanometer is actu- 
ated by impulses every one-tenth second 
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from a relaxation oscillator shown in 
Figure 5. This circuit is adjusted with re- 
sistors and condenser to have a natural 
frequency of oscillation of 10 cycles per 
second. Then by placing a wire connected 
to the 6.3 V filament secondary up along 
the surface of the neon bulb, the electro- 
static field will trigger the tube at exact in- 
tervals of 6 cycles giving exactly one-tenth 
second impulses to the accuracy of regula- 
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have found that it is not necessary to record 
the various points of the heart border 
simultaneously because we have been able, 
with a high degree of accuracy, to line the 
curves up in respect to the time axis. This 
is accomplished by recording simultane- 
ously along with each heart motion curve 
a pulse tracing from the right carotid a-- 
tery. The pulse tracing is quite characteri- 
tic for each individual and remains essen- 
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Fic. 5. Schematic diagram of relaxation oscillator which provides 0.1 second impulses to an additional re- 
cording galvanometer, thus producing a time marker on the tracing. Ki, 5 megohm 1 watt; Rs, 500,000 
ohm rheostat for initial adjustment; Rs, 100 ohms; C, 0.1 mfd. paper condenser; NT, neon tube, 110 V, 2 
watt semicircular electrodes; G4, connection to recording galvanometer; G, ground or chassis connection; 
W, wire connected to 6.3 V filament winding (82, Fig. 4) and placed against the neon tube. 


tion of the 60 cycle power lines. The abso- 
lute constancy of this triggering arrange- 
ment was demonstrated on a cathode-ray 
oscilloscope. The 210 volt DC supply is 
tapped off of the bleeder resistor of the 
amplifier power supply. The timing im- 
pulses, as shown on the bottom lines of 
Figure 6, are valuable for timing to 0.01 
second the events of the heart motion 
curve. 

Two curves of the motions of two points 
along the heart border have not been re- 
corded simultaneously. This would necessi- 
tate doubling the apparatus, but more 
serious still would be the difficulty of align- 
ing the 931-A pick-up devices on the two 
points. Inspiratory changes or slight move- 
ment of the patient could get one or both 
of the tubes out of line. Furthermore, we 


tially constant in shape for the short period 
of time required to make the heart border 
tracings. There are well defined dips or 
peaks on the pulse tracing which may be 
marked. Then by placing on a vertical line 
the same point of the carotid pulse tracing 
of each heart border motion curve, the 
time axes will be very accurately aligned 
and the relative motion of each point of 
the heart border can be coordinated by 
considering points on a vertical line. Time 
delay of equivalent movement for each 
point or paradoxical motion can be demon- 
strated. The carotid pulse is recorded by 
means of a very simple device. A small 
bakelite cup 3 cm. in diameter is held in 
place over the right carotid artery by 
means of a light wooden clamp. The clamp 
fits the neck and slides with a gripping ac- 
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tion so that as the cup is placed on the _ the neck it Stays in place when the hands 
carotid artery and the movable part of the are removed. The pulsations in the neck are 
clamp is pushed against the other side of _ easily palpated so the cup can be put in the 
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Fic. 6. This figure shows sample records of heart border motion. In each of the above records, the lower curve 
l is from the right carotid artery. Line 1 passes through the incisura of each pulse record thereby placing the 
events of each record on a common time relationship for that particular cycle. Record / is recorded from 
; the left ventricle, B from the pulmonary artery, C from the aortic knob, and D from the right auricle. 
In record J, line 1 denotes the end of systole and onset of diastole; line 2 the onset of systole and closure 


of the mitral valve; line 3 the opening of the aortic valve and beginning ejection; and line 4 the end of 
systole. The timing line at the base of each record indicates 0.10 second intervals. 
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proper place in a few seconds and it does 
not bother the patient. A fairly thick walled 
rubber tube with inside diameter of about 
4mm. is connected to this pick-up cup and 
carries the air borne impulses to a rubber 
diaphragm segment capsule and mirror 
mounted in front of the camera. Light 
from the same source used for the gal- 
vanometer is reflected from this cylindri- 
cally concave mirror to form a narrow band 
at the camera and is thus recorded as a 
well defined wave. 

This pulse recording system is not com- 
pletely air tight as would be necessary were 
quantitative volumetric curves desired, but 
rather has a slight intentional air leak 
which does not appreciably alter the con- 
figuration of the curve. This allows the 
light beam to return to its base line in ap- 
proximately ten seconds if the rest of the 
system should be completely air tight after 
being adjusted on the patient. In our case 
the air leak occurs in the segment capsule 
and is adjusted by increasing or decreasing 
the turns of the rubber band holding the 
rubber diaphragm in position. This ar- 
rangement is similar to that used by Wig- 
gers and Dean." 


APPLICATION 


The apparatus that has been described 
was designed and constructed specifically 
for graphic recording of heart border mo- 
tion. Other applications will doubtless sug- 
gest themselves to investigators interested 
in the motion of organs within the body. 

The principal requirements for recording 
by such apparatus are (1) that the organ 
be visualized on the fluorescent screen; (2) 
that the amplitude of motion be less than 
25 mm. (the length of the photosensitive 
surface of the 931-A tube); (3) that the 
density of the organ be of sufficient con- 
trast to adjacent tissues, or can be made so 
by injection or ingestion of opaque mate- 
rials, and (4) that the frequency of the 
motion be within the characteristics of the 
amplifier and the recording system. Re- 
garding the organ density, experience has 
shown that the greater and sharper the 


contrast of the borders under motion, the 
better the recording; when the density of 
the moving organ approximates too closely 
that of the adjacent tissues, the ability 
to record is correspondingly poor. It is also 
possible to record rapid changes in density 
of an organ due to an inflow of air or of 
blood; for example, the parenchymal por- 
tion of the lung. 

The heart is an organ having motion 
that fulfills these requirements particu- 
larly well. Furthermore, the thorax can 
usually be positioned roentgenoscopically 
so that the borders of each chamber of the 
heart can be silhouetted and hence its mo- 
tions recorded. Also, the borders of the 
aorta and pulmonary artery can similarly 
be silhouetted and their motions recorded. 

A considerable amount of research has 
been done on heart motions by means of 
the roentgen kymograph, so it is desirable 
to compare that method with the electro- 
kymographic method being presented. 
With the roentgen ky mograph ( (1) a num- 
ber of points of motion on the heart borders 
are recorded simultaneously on one film; 
(2) only one, rarely two ce cycles are 
recorded on each point; (3) the amplitude 
of motion on the record is small, usually 
4 to 8 mm.; (4) unsharpness on the record 
frequently impairs wave analysis, and (5) 
only the horizontal component of motion is 
recorded. In comparison, the electrokymo- 
graph (1) records a single point of motion 
at one time; (2) records as many successive 
cardiac cycles of this point as may be de- 
sired; (3) produces amplitudes on the rec- 
ord up to 20 mm. or more by amplifier ad- 
justment; (4) records wave forms on the 
record which are sharply defined and easily 
read, and (5) shows the “radial motion” of 
a point and not merely its horizontal com- 
ponent. 


TECHNIQUE OF APPLICATION 


The technique of making an electroky- 
mographic recording is comparatively sim- 
ple, requiring only nominal cooperation of 
the patient, no rehearsing, and a few min- 
utes to accomplish. The unit containing the 
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phototube and its resistance network is 
guided by the roentgenoscopist to a position 
over the heart border. The diaphragm on 
the phototube is placed directly against the 
chest wall and is aligned so that the center 
of the aperture is on the point of the cardiac 
silhouette being studied. The long axis of 
the diaphragm coincides with the radial 
motion of the heart border. Thus if the 
point is moving horizontally, the length- 
wise axis of the aperture will be horizontal; 
if the direction of movement is 20° above 
horizontal, the lengthwise axis of the aper- 
ture will be inclined 20° to coincide. Thus 
the “radial motion” of the point is ob- 
tained (Fig. 1). The aperture is then ad- 
justed along this radial line until the two 
extremes of motion (systole and diastole) 
are within the confines of the aperture. The 
amplifier gain is now adjusted to a point 
where the excursion of the photographic 
beam is about 15 to 20 mm. Too great an 
amplifier gain may roughen the recording 
beam unnecessarily. The patient stops 
breathing on request and the camera is 
started, and usually ten heart beats 
counted; the camera is then stopped and 
the patient requested to resume normal 
breathing. The patient may be in recum- 
bent or upright position as the conditions of 
examination require. 

To facilitate analyzing the records a re- 
cording of the right carotid pulse is made 
simultaneously on each patient and regis- 
ters on the film below the heart motion 
tracing. Thus as the motion of a series of 
different points is recorded, the carotid 
pulse tracing provides reference points for 
correlation purposes. 


INTERPRETATION OF RECORDS 

Before any interpretation of the records 
obtained may be considered, explanation 
of the movements of the light beam on the 
recording film is necessary. As the light 
beam moves to and fro in accordance with 
the movements of the heart border, wave 
forms are produced on the film. The waves 
are seen to have asymmetrical upward and 
downward limbs (Fig. 6). The upward 
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moving limbs represent expansile or filling 
phenomena, while the downward moving 
limbs represent contractile or emptying 
phenomena. The steeper the slope of a 
wave limb, the more rapid the action or 
movement, and the less steep the slope, the 
slower the action. Changes of slope upon a 
limb represent changes in speed of action, 
and notches or serrations represent smaller 
superimposed changes of action. When the 
tracing runs parallel to the moving axis of 
the film, the state of no motion is indicated. 
The timing spots at the bottom are 0.10 
sec., and film speed is approximately 50 
mm/sec. The time axis is from left to 
right. 

Figure 6 illustrates the records of motion 
obtained from various points on the heart 
border by means of this apparatus. The 
motions represented are those of the left 
ventricular border, the pulmonary artery, 
the aortic knob, and the right auricular 
border. The posteroanterior position was 
used with patient in upright position. The 
downward peak of the incisura wave of the 
carotid pulse has been utilized as a com- 
mon time reference point. Thus, all records 
may be lined up, one above the other, so 
that a vertical line passing through all of 
them passes through the incisura of the 
carotid wave on each. Events on the differ- 
ent records falling on any given vertical 
line are thus occurring at the same time. 

The wave forms for each of the border 
areas of the heart are found to be character- 
istic of that particular area, and to resemble 
closely the respective volumetric wave 
forms found in the physiology texts. The 
ventricular (Fig. 64) waves follow very 
closely, but not exactly, the ventricular 
volume curves. Beginning with the incisura 
line, which indicates closure of the semi- 
lunar valves (end of systole and beginning 
diastole) the rising wave limb of ventricular 
motion is bent, the steeper portion repre- 
senting rapid diastolic filling and the less 
steep portion representing the phase of 
slow diastolic filling. The peak of the wave 
is related to beginning systole, and the 
closure of the mitral valve. The opening 
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of the aortic valve is related to the notch at 
the beginning of the down limb. The steep 
downward limb represents ventricular sys- 
tole, which terminates with the closure of 
the semilunar valves (the incisura of the 
pulse wave). 

The pulmonary artery motion (Fig. 68) 
presents a wave form with a sharply rising 
limb, a rounded crest, and a slowly de- 
scending limb, on which is a notch related 
to the closure of the semilunar valves. The 
sharply ascending limb is related to the 
ejection phase of ventricular systole. The 
beginning point of the wave marks the 
opening of the pulmonary valves. 

The aortic knob (Fig. 6C) presents a 
wave form very similar to the pulmonary 
artery but occurring slightly later in time, 
thus helping to differentiate it from the 
pulmonary artery wave. 

The right auricular wave (Fig. 6D) is the 
most difficult to describe, since a pure 
auricular wave motion is rarely recorded. 
The adjacent right ventricle imposes its 
motion upon it, sometimes completely 
masking true auricular motion. Lack of a 
characteristic wave form is perhaps the 
dominant feature of this area. However, 
with careful time measurements and cross 
correlations the time of auricular systole 
can usually be identified, with the other 
waves seen to be related to the events of 
the right ventricle. The lower the point 
chosen on the right auricular border the 
more prominent becomes the right ven- 
tricular component, and in some cases a 
pure ventricular wave is recorded on the 
heart border in the vicinity of the cardio- 
hepatic angle. This substantiates previous 
mention that the right ventricle may con- 
tribute to the make-up of the right heart 
border in the anteroposterior silhouette. 

The record of the electrokymograph and 
its general meaning have been described 
in the briefest manner. The detailed infor- 
mation regarding each chamber of the 
heart will be made the subject of subse- 
quent papers. It is sufficient to indicate 
that the normal curve of any chamber is 
dependent upon the normal action of the 
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myocardium and the normal opening and 
closing of the valves related to that cham- 
ber. With alterations in the character of 
the myocardium, or defects of the valves, 
there will be corresponding alterations on 
the limbs of the curves. 

One cardiac condition, aortic insuf- 
ficiency, will be mentioned briefly to il- 
lustrate the potentialities of electroky- 
mography. Normally, the left ventricle is 
a completely closed chamber during two 
phases of its cycle, i.e., the isometric con- 
traction phase and the isometric relaxation 
phase. During both these phases the aortic 
and mitral valves are closed. Now with an 
insufficient aortic valve exhibiting a to and 
fro murmur, the left ventricle is no longer 
a closed chamber during any phase of its 
cycle. The ventricular record of motion 
will therefore exhibit corresponding altera- 
tions on the filling and emptying limbs of 
the curve. 

In a similar manner, electrokymography 
should prove useful in cases of aortic steno- 
sis, mitral disease, myocardial infarction 
and other cardiovascular diseases. 


SUMMARY 


1. An electrokymograph utilizing the 
roentgenoscope is described. This appara- 
tus is for the recording of heart border mo- 
tion. 

2. The technical aspects of its princi- 
ples and construction, together with its 
operation, are described in detail. 

3. Records of motion from various parts 
of the heart border are presented and dis- 
cussed. 
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THE ENTRANCE OF PANTOPAQUE INTO THE 
VENOUS SYSTEM DURING MYELOGRAPHY 


By LIEUTENANT COLONEL CHARLES L. HINKEL 
Medical Corps, Army of the United States 


YELOGRAPHY, using opaque oil, 
has become an important and ac- 

curate diagnostic procedure. A valuable 
contribution was made when pantopaque 
was introduced for this purpose.!?:"! 

Pantopaque (ethyl iodophenylundecyl- 
ate) contains 30.5 per cent iodine and be- 
cause of its admirable physical and chemi- 
cal properties (which will not be discussed 
here) has proved highly satisfactory for 
diagnostic purposes and, in our experience, 
has given rise to no complications in the 
patients on whom it was used. 

The control material was not, however, 
designed or intended for intravenous use. 

It is the purpose of this paper to report a 
case in which 3 cc. of pantopaque inad- 
vertently entered the venous system of a 
patient without serious consequences. To 
my knowledge, this is a unique occurrence. 
The spot roentgenogram (Fig. 1) is of con- 
siderable interest as a curiosity. 


CASE REPORT 


The patient, soldier, aged twenty-five, was 
admitted to Walter Reed General Hospital be- 
cause of persistent pain in the lower part of the 
back. The pain was not very severe, remained 
in the midline, and was relieved by restriction 
of activity. There were no significant neurologi- 
cal or orthopedic findings except limited mobil- 
ity in the presence of pain. There were no 
significant laboratory findings. Antereposterior, 
lateral and oblique roentgenograms of the 
lumbosacral spine revealed no abnormalities. 

Clinically, the diagnosis was not clear cut, 
and it was decided to make a myelogram to rule 
out intradural or intervertebral disc disease 
before final disposition of the patient. 

On July 13, 1943, the following procedure was 
carried out in the roentgenoscopic room of the 
Roentgen Department. 

The patient was placed on the table in prone 
position with the head of the table elevated 30 
degrees, and a pillow was placed under the 
pelvis. 


3:00 P.M.—A needle was inserted at the fifth 
lumbar interspace and clear spinal fluid was 
withdrawn from the needle. 

3:01 P.M.—3 cc. of pantopaque (1 ampule) 
was injected without unusual manifestations. 
The needle was covered with sterile drapes and 
allowed to remain in place. The head end of the 
table was kept elevated 30 degrees. The pillow 
was removed from beneath the pelvis and lower 
abdomen. The patient lay prone upon the 
roentgenoscopic table. The room was darkened 
and the table brought to the horizontal posi- 
tion. The fluorescent screen was swung into 
position and a film placed in the spot film de- 
vice. 

3:05 P.M.—The roentgenoscopist (the au- 
thor), who was fully “dark adapted,” saw the 
pool of pantopaque about the needle point at 
the level of the fourth and fifth lumbar verte- 
brae. No abnormalities were seen. 

3:06 p.M.—In order to demonstrate that the 
oil was lying free in the subarachnoid space, the 
patient was asked to cough.* As the patient 
coughed, I saw a marked and bizarre change 
in the pantopaque column. It appeared to ex- 
tend in all directions like a star-burst. The 
original subarachnoid oi] column shrank rapidly 
and branching, slender finger-like columns of 
oil were seen extending to the right, the left, 
caudad and cephalad from it. Within fifteen 
seconds no oil could be seen in the subarachnoid 
space and a broad oil column was seen forming 
to the right of the lumbar spine. It was at once 
realized that the oil had entered the venous 
system. 

3:063 p.M.—A spot roentgenogram was taken 
using a stationary grid (Fig. 1). 

The patient coughed and complained of 
“tightness in his chest,’ but continued to 
breathe and cooperate well. 

Other spot roentgenograms were taken as 
rapidly as the cassettes could be slipped into 
and out of the tunnel. None of these showed 
opaque oil. 


* This is a simple but helpful maneuver which I have used in 
this examination many times. When the oil is in the subarachnoid 
space, the column splashes and migrates cephalad. When the oil 
has been injected subdurally it does not move quickly or freely. 
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3:08 P.M.—Roentgenoscopy of the entire 
spine, skull, chest, heart and abdomen revealed 
no opaque oil. 

3:09 p.M.—Without further aspiration, the 
needle was removed, the patient transferred to 
a stretcher, and roentgenograms were taken 
of spine, abdomen and chest. At this time the 
patient was feeling better, but showed a rapid 
regular pulse (100) and appeared pale and 
shaken. 

The films were developed immediately but 
showed no opaque oil or evidence of cardiac or 
pulmonary abnormality. No opacity was seen 
in the renal or bladder regions. 

Chest and abdominal roentgenograms taken 
four hours later (7:00 r.M.) were also negative. 
Chest roentgenograms taken daily for a week, 
and weekly for.two months after the episode 
showed no abnormalities, and no change since 
the original roentgenogram. 

A twenty-four hour urine specimen July 
13-14, 1943, showed 56.65 mg. of iodine in 
1,100 cc. (method of White and Rolf)." 

For the next two days the patient was kept in 
bed and showed a low grade elevation’ of tem- 
perature to 99.4° F. He developed a leukocytosis 
up to 13,000 with 6 per cent eosinophils. This 
subsided by the third day and he was allowed 
to be up. He had no complaints which could be 
attributed to the procedure. 

Two weeks later the same method revealed 
merely a ‘‘trace”’ of iodine in the urine. 

The feces were not tested for iodine. 


COMMENT 


Other opaque substances have been in- 
advertently introduced into veins. This is 
not uncommon in retrograde pyelography 
(pyelovenous backflow). It has occurred 
several times with lipiodol in the course of 
- Pantopaque is not intended for intra- 
venous use and no report is known of its 
entrance into the venous system. No other 
case is known in which any opaque sub- 
stance has entered the venous system dur- 
ing or as the result of myelography. The 
incident is therefore viewed as a curiosity 
rather than a complication to be antici- 
pated or feared. 

Strain” has slowly administered 8 cc. of 
pantopaque intravenously to dogs weighing 
15-20 kg. without serious results. Rapid 
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injection resulted in a fatality. When the 
oil was emulsified, dogs tolerated as much 
as 20 cc. intravenously. 

The manner in which pantopaque is 
broken down, hydrolyzed, and excreted is 
not understood and is still being studied. 
We have evidence in this case that a meas- 
urable amount of iodine was excreted in the 


Fic. 1. Spot roentgenogram of lumbar region taken 
thirty seconds after coughing and five and one-half 
minutes after injection. The opacified veins are 
presumably the intervertebral, lateral sacral, and 
lumbar veins. The inferior vena cava lies to the 
right of the spine. No oil remains in the sub- 
arachnoid space about the spinal puncture needle. 


urine in the first twenty-four hours. A 
“trace” was found in the urine two weeks 
later. 
DISCUSSION 
Certain deductions appear to be justified 
and are made in order to offer at least a 
possible explanation of this unusual incident. 
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1. The needle must have entered the 
subarachnoid space since clear (not bloody) 
spinal fluid was withdrawn. 

2. The pantopaque was deposited in the 
neural canal; it was seen there by the roent- 
genoscopist, and appeared to be in the sub- 
arachnoid space. 

3. The oil did not immediately enter 
the veins. It was seen roentgenoscopically 
within the spine four minutes after injec- 
tion. 

Instantly following the cough the oil was 
observed to leave the canal by means of 
multiple curvilinear pathways (veins). The 
exit of the oil was so rapid that in fifteen 
seconds the initial collection had disap- 
peared from the spine; in thirty seconds it 
was shown in the inferior vena cava, and in 
several tributary veins (Fig. 1); and in one 
minute it had completely disappeared. 

4. From the above it appears that the 
cough was the precipitating factor. It has 
been shown that coughing, sneezing, and 
straining cause a tremendous rise in the 
cerebrospinal fluid pressure.* This pressure 
is many times that in the abdominal veins 
(patient lying prone) and we may assume 
that the oil was forced into one or more 
veins by the cough. 

To explain the entrance into the veins 
one must postulate a defect in the venous 
wall. 

(a) This was possibly caused by the 
initial insertion of the needle at 3:00 P.M. 
The absence of blood in the spinal fluid is 
difficult to explain in this case. 

(b) Possibly the wall of the vein was torn 
or perforated by contact with the needle 
point in the act of coughing at 3:06 P.M. 
This hypothesis is better suited to the facts 
and timetable. 

(c) Abnormal vessels in the cord or 
meninges might offer an explanation. Large 
vessels are found in meningioma, particu- 
larly the meningothelial type;? hemangio- 
ma;*"° or venous angioma (racemose type).° 

The presence of the opaque oil in the 
inferior vena cava is not surprising, as all 
the complicated veins and plexuses in this 
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region drain either directly or indirectly 
into the cava.* 
SUBSEQUENT STUDY 

A spinal puncture was not done to study the 
fluid for blood or iodine following the above 
incident. 

Because the suggestion of vascular tumor was 
made by the roentgenologist, a second myelo- 
gram was made (July 30, 1944). The needle was 
inserted at the second lumbar interspace and 
the examination was carried out without mis- 
hap. Roentgenoscopy and roentgenography re- 
vealed no variation from the normal. 


SUMMARY 


During the course of a myelographic 
examination, 3 cc. of pantopaque entered 
the venous system and rapidly ascended 
the inferior vena cava. 

There was no objective evidence of oil 


embolus, and the toxic manifestations of 


the iodinated substance were very slight. 

This is a unique occurrence, the actual 
mechanism and cause for which remains 
undetermined. 
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The lateral sacral veins (bilateral) follow the anterior surface of 


the sacrum to the lumbosacral level where they empty into the 
hypogastric veins, which in turn flow into the common iliacs at 
the sacroiliac joints. The common iliacs. are short, continuing 
cephalad only to the level of the fifth lumbar body where they 
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direction depending upon pressure changes (Batson’). 
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OSTEOGENIC SARCOMA AND CHONDROSARCOMA 
WITH SPECIAL REFERENCE TO THE ROENTGEN DIAGNOSIS 
By EUGENE P. PENDERGRASS, M.D., JOHN O. LAFFERTY, M.D., and ROBERT C. HORN, M.D. 


PHILADELPHIA, 


he problem of the correct diagnosis of 
tumors of bone is a very difficult and 
important one which often faces the 
clinician, roentgenologist and pathologist. 
When confronted by an advanced and so- 
called ‘“‘typical” bone tumor the diagnosis 
is, In many instances, made with facility, 
but in the early cases with minimal changes, 
it is a great deal more difficult. It is these 
early cases in which we are primarily in- 
terested, since the earlier a correct diag- 
nosis is made the earlier treatment can be 
instituted. Earlier recognition of cancer in 
general is regarded as a primary source of 
hope for future lowering of mortality rates 
from cancer, although with regard to bone 
tumors in particular, some investigators?” 
have presented evidence suggesting the ad- 
visability of delaying surgical treatment. 
Nevertheless the outlook for patients with 
malignant tumors of the skeletal system is 
so serious that all concerned would like to 
be able to give the patient and his family an 
idea as to the prognosis as soon as possible. 

Codman has stated that any hospital 
which is doing its best for cases of bone 
tumor will arrive promptly at the correct 
diagnosis in the majority of cases of osteo- 
genic sarcoma independently in each de- 
partment concerned, and that if either the 
clinician, roentgenologist or pathologist has 
any doubt then probably all shoukd and do 
have doubt.‘ 

In making the diagnosis, details of the 
history including rapidity of growth, pain, 
duration of symptoms, trauma, pathologi- 
cal fracture, and previous treatment must 
be taken into full consideration, and full 
use must be made of the roentgen examina- 
tion, in which the roentgenograms should 
be of the highest technical perfection pos- 
sible, multiple views including oblique 
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views, soft and bony tissue exposures and 
stereoscopic exposures."* Finally a patho- 
logic examination of the tissue must be 
made, either by biopsy or by removal of the 
entire lesion. Of these methods of diagnosis, 
the first two can be carried out without 
causing the patient any additional pain, 
discomfort or complications.' The last is 
more serious, and Meyerding and Valls!’ 
feel that a microscopic examination of the 
tumor tissue by biopsy should be made be- 
fore any amputation is done. Several of our 
patients, especially Case 24, in which am- 
putation was performed for an inflam- 


matory lesion, give emphasis to this state- 


ment. 

This paper is principally concerned with 
the accuracy of and difficulties met in diag- 
nosis of these lesions by roentgenographic 
examination. When confronted with a le- 
sion of bone there are three questions which 
must be answered by the roentgenologist. 
These are: “Is this a tumor or some other 
condition?” “If a tumor, is it benign or 
malignant?” and “If a malignant tumor, 
is it primary or secondary?” Many condi- 
tions, notably infectious lesions of bone, 
may be confused with bone tumors, and 
while the history, clinical picture and 
laboratory studies will help in many in- 
stances, biopsy is often necessary. The 
roentgenologic appearance will often an- 
swer the second question, and a thorough 
search of the entire skeletal system and of 
other parts of the body for multiple metas- 
tases or possible primary lesions may yive 
the answer to the third question.*! 

One factor which tends to increase the 
roentgenologist’s difficulties is the multi- 
plicity of classifications of tumors of bone 
which have been used. While the Registry 
of Bone Sarcoma of the American College 


* From the Department of Radiology and the Laboratory of Surgical Pathology, Hospital of the University of Pennsylvania, Phila- 
delphia, and from the Penn Mutual Life Insurance Company Foundation for the Study of Neoplastic Disease. 
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of Surgeons has presented a classification 
and done much to clarify the situation by 
collecting a large group of cases,’ many 
other classifications 
the Registry classification have been ad- 
vanced.*:6 In 1939° the original’ Registry 
classification was revised, one of the princi- 
pal changes being the recognition of the 
chondrosarcomas as a distinct group as 


or modifications of 
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nosis of primary malignant bone tumors, 
and to correlate the pathologic picture with 
the roentgen picture. Some authorities be- 
lieve that the diagnosis of sarcoma of bone 
can be made on the basis of the roentgeno- 
gram alone,’ but others disagree.** It 
was in an effort to determine our experience 
in the matter that the following study was 
undertaken. The clinical histories, roent- 


Tas_e 
Ca Original Roentgenologic Diagnosis Final Pathol 
No. Diagnosis 

I Uncertain, possible malignant bone tumor, possible osteogenic or chondro- — Osteogenic sarcoma 
sarcoma 

2 Osteogenic sarcoma Osteogenic sarcoma 

3 Malignant osteogenic sarcoma Osteogenic sarcoma 

4 Either osteogenic sarcoma or Ewing’s tumor Osteogenic sarcoma 

5 Probably a growth Osteogenic sarcoma 

6 Atrophic changes and possible hypertrophic changes; appears to be a re- Osteogenic sarcoma 
sult of infection 

7 Not recorded Osteogenic sarcoma 

8 Sclerosing osteogenic sarcoma Chondrosarcoma 

9 Giant cell tumor Chondrosarcoma 

10 Possibly a malignant enchondroma Chondrosarcoma 

11 Not recorded Chondrosarcoma 

12 Kirst examination: nothing abnormal; second examination: uncertain, Chondrosarcoma 
possibly a metastatic or primary tumor 

13 Probable osteoma of the scapula : Chondrosarcoma 

14 Possible luetic lesion; enchondroma cannot be excluded Chondrosarcoma 

15 Request further examination Chondrosarcoma 

16 Suggestive of osteo-enchondroma or osteogenic sarcoma Chondrosarcoma 

17 Not recorded Chondrosarcoma 

18 Metastatic malignancy Chondrosarcoma 

19 Probably chondroma Osteogenic sarcoma 

20 Osteogenic sarcoma Chondrosarcoma? 

21 Malignant tumor—periosteal fibrosarcoma Osteogenic sarcoma 


advocated by Phemister;!* other classifica- 
tions, notably that of Geschickter and 
Copeland,* have also recognized the neces- 
sity of separating the chondrosarcomas 
from the general group of osteogenic 
tumors. As pathologists change their opin- 
ions as to what constitutes any one group it 
is well for roentgenologists to review their 
roentgenograms of this group in an effort 
to correlate what they see with the new 
pathological diagnosis. In this paper we 
have followed the classification of the 
Registry (although only one of our cases 
has been registered with that group). 

This paper is an attempt to evaluate the 
difficulties and pitfalls in the roentgen diag- 


genograms and pathologic sections of all 
cases of primary malignant tumors of bone 
which had been seen in this hospital since 
January 1, 1931, were restudied and many 
of the tumors were reclassified. Those 
classified as osteogenic sarcoma and chon- 
drosarcoma, together with several cases 
which might be confused with these condi- 
tions, are included in this series. Only those 
cases in which the available clinical data or 
pathologic material were inadequate for 
classification were excluded. The roentgeno- 
grams on these cases were restudied in an 
effort to form some conclusions as to the 
characteristics of these lesions, and the orig- 
inal roentgenologic diagnosis was checked 
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showed large bony lung metastases and metas- 
tases to the lymph nodes in the pelvis. 

The roentgenographic examination of the 
femur shows marked sclerosis of the medullary 
cavity with destruction in some areas of the 
cortex, giving the bone a mottled cottony ap- 
pearance. There was some periosteal prolifera- 
tion, but no periosteal lipping or radiating 
spicules of bone (Fig. 1). 

Pathologically this was considered to be a 
sclerosing osteogenic sarcoma. Direct trans- 1 
formation of the proliferating connective tissue 
of the tumor into neoplastic bone was especially 
conspicuous in the pulmonary metastases. 


Case 2. C. E., white male, aged twentv-one, 
was first seen on June 25, 1934, complaining of 
pain, swelling and stiffness of the right knee 
for six months. He was given preoperative 
roentgen therapy, a total dose of 4,600 r in air 
being delivered to three fields over the tumor 
during the ensuing three months (165 kv. 


Fic. 1. Case 1. Osteogenic sarcoma. The roentgeno- 
. gram shows a primarily osteoblastic growth in- 
: volving the lower end of the femur giving a 
“cottony” appearance of the bone. 


7 with the final pathologic diagnosis in an 
| effort to determine the accuracy of our 
5 original impression. The original diagnoses 
a are included in Table 1.* 


OSTEOGENIC SARCOMA 


There are 7 cases of osteogenic sarcoma 
in this series. Abstracts of their histories 
follow: 


Case 1.H. K., white male, aged eighteen, was 
admitted June 7, 1938, complaining of a painful 
~~ left knee for five months with slight swelling 
‘ in that region. On June 13, a left mid-thigh 
amputation was done, but by December, 1938, 
lung metastases were demonstrable. The course 
was continuously retrogressive and the patient 
died early in 1940. A postmortem examination 


Fic. 2. Case 2. Osteogenic sarcoma. This case shows a 
mixed tumor with both sclerosis and destruction. 
There is a soft tissue mass with a moderate amount 
* aah of calcification, but no evidence of radiating spic- 

It must be remembered that the original diagnoses were made ; h : soaetagg ~ re Id be 
by various members of the Department of Radiology with vary- ules in the anteroposterior view. ey coulc 

ing amounts of experience. seen in the lateral view. 
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constant potential, 1§ ma., 0.5 mm. Cu and 2 
mm. Al, 50 cm. skin target distance). On 
September 18, 1934, the leg was amputated, but 
by January, 1935, lung metastases were demon- 
strable and he died in May, 1935. 

The roentgenographic examination before ir- 
radiation showed an area of destruction and 
sclerosis involving the lower end of the right 
femur with a fairly large soft tissue tumor con- 
taining some calcification. There was periosteal 
reaction and new bone formation extending 
into the overlying soft tissues creating a “‘sun- 
ray” appearance on the posterior surface of the 
bone (Fig. 2). 

On pathologic examination this tumor showed 
cellular areas of predominantly osteolytic 
growth, but areas of sclerosis were also present. 


Case 3. W. J., male, Negro, aged sixteen, 
was admitted on July 8, 1942, complaining of a 
sore left leg for six weeks. There was marked 
swelling of the upper part of the leg just below 
the knee and extending downward for about 6 
inches. On July 23, 1942, a left lower thigh am- 
putation was done. Lung metastases “were 
demonstrable in March, 1943, and the patient 
died in November, 1943. 

The roentgenographic examination showed 
evidence of bone destruction involving the shaft 
of the left tibia just below the epiphyseal line, 
with bony spicules radiating into the soft 
tissues. Roentgenographically, the process was 
largely-a destructive one (Fig. 3), whereas the 
microscopic appearance was for the most part 
that of a sclerosing osteogenic sarcoma. Con- 
siderable cartilage was present in the tumor. 


Case 4. J. W. H., white male, aged sixteen, 
was admitted on November 23, 1936, with pain 
and swelling in the right knee since the previous 
September. There was an osseous tumor about 
8 by 5 cm.on the mesial aspect of the right knee. 
The same day a mid-thigh amputation was 
done. The boy developed metastatic lesions in 
the lungs within a year, and it was reported to 
us from another hospital that there was a simi- 
lar lesion in the other knee. He died on June 27, 
1935. 

The roentgen examination showed an area of 
bone destruction involving the lower end of the 
right femur, and a large soft tissue tumor which 
contained some streaks of calcification. There 
were periosteal elevation and lipping, but no 
perpendicular striations. The process was al- 
most entirely osteolytic (Fig. 44). 
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lic. 3. Case 3. Osteogenic sarcoma. This case demon- 
strates the typical radiating spicules and “‘sun- 
ray” appearance of osteogenic sarcoma. There is no 
marked sclerosis at this time. 


The tumor was composed of large polyhedral 
cells with little intercellular substance, but in- 
cluding a small amount of osteoid tissue. Evi- 
dences of old and fresh hemorrhage were 
conspicuous, and there were many blood-filled 
spaces lined with tumor cells. We have classified 
it as an osteolytic osteogenic sarcoma (Fig. 48). 


Case 5. M. M.L., female, white, aged forty- 
six, was admitted on November 19, 1934, with 
a steadily growing mass on the anterior aspect 
of the right shoulder in the region of the cora- 
coid process. A biopsy was taken, and on Janu- 
ary 27,1935, a radical excision of the tumor and 
parts of the scapula and clavicle was performed, 
but local recurrence and lung metastases de- 
veloped and she died early in 1936. 

The roentgen examination showed an osteo- 
blastic process in the region of the coracoid 
process of the right scapula which had extended 
into and destroyed the cortex. 

Pathologic examination showed a _ charac- 
teristic osteogenic sarcoma, predominantly of 
the sclerosing type. 
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Fic. 4. Case 4. Osteogenic sarcoma. 4, this case demonstrates an almost completely osteolytic lesion with a 
large soft tissue tumor without calcification. There is some periosteal reaction. B, photomicrograph of the 


same osteolytic osteogenic sarcoma ( X620). 


Case 6. W. H., white male, aged eighteen, 
was admitted on September 7, 1934, complain- 
ing of stiffness, pain and swelling in the left 
knee for one month. The patient was given 
irradiation with a total dose of 2,000 r in air 
(165 kv. constant potential, 15 ma., 0.5 mm. 
Cu and 2 mm. Al, 50 cm. skin target distance, 
1§ by 15 cm. field) during the next month and 
a half. On October 29 a mid-thigh amputation 
was carried out but there were lung metastases 
within two months and the patient died in 
February, 1935. 

The roentgenographic examination of the 
upper leg showed some periosteal reaction and 
lipping of the tibia with dislocation of the head 
of the fibula. The destruction of the lateral 
half of the head of the tibia became more 
marked, and all of the changes progressed very 
rapidly in spite of roentgen therapy. 

Because of the extensive necrosis, presumably 
due to irradiation, the pathologic material is 
poor. The anaplastic character of the remaining 


viable cells leaves little doubt as to the histo- 
logic diagnosis of malignancy, but more exact 
pathologic classification is difficult. We have 
classified it with the osteolytic osteogenic 
sarcomas. 

Case 7. S. R., white male, aged thirteen, was 
admitted on August 15, 1932, with a history of 
pain and swelling of the left lower leg following 
a blow three weeks before. On August 17 a 
biopsy of the lesion was done and on August 26 
an amputation at the lower thigh level was per- 
formed. By January, 1933, lung metastases were 
present and the patient died one year later. 

The roentgenograms in this case have been 
destroyed. 

Pathologic examination of the tissue showed 
an osteolytic tumor with small amounts of 
osteoid tissue and cartilage. 


CHONDROSARCOMA 


Since 1931 we have had 11 cases in which 
a diagnosis of chondrosarcoma was estab 


a 
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lished. Brief abstracts of the histories on 
these patients follow: 


Case 8.A. P., white female, aged fifteen, was 
admitted on October 15, 1935, complaining of a 
painful lump on the right thigh for four months. 
The day after admission a hip joint disarticula- 
tion was done. The patient was living and well 
on February 1, 1944 (84 years after disarticula- 
tion). 

The roentgenologic examination showed a 
diffuse process involving the lower half of the 
right femur characterized by destruction of the 
medullary portion of the bone with some evi- 
dence of periosteal proliferation. There were 
striking perpendicular striations with flattened 
tops, as seen in several other cases in this 
group (Fig. §/). 

The tumor was composed of lobules of fairly 
mature cartilage separated by very cellular 
tissue having the appearance of embryonal 
cartilage. There were areas of calcification 
(Fig. 5B). 
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Case 9. M. P. H., female, white, aged twenty 
two, was first seen on January 22, 1935, com- 
plaining of pain in the upper part of the left 
tibia. Following roentgenographic examination 
she was given roentgen therapy to the knee, but 
there was little improvement. In June, 1937, 
the tumor was curetted. Less than a year later, 
a large local recurrence developed, and on April 
18, 1938, a mid-thigh amputation was done. The 
patient was well on April 4, 1944 (6 years after 
amputation). 

Roentgenologically, the original examination 
showed an area of bone destruction involving 
the inner half of the head of the tibia, but the 
cortex was intact (Fig. 64). After prolonged ir- 
radiation the lesion developed small scattered 
calcified densities. The cortex was never 
broken. The diagnosis of giant cell tumor was 
made from the roentgenograms (Fig. 68). 

The pathologic examination showed a heavily 
calcified chondrosarcoma. Occasional bone 
trabeculae were formed in the cartilaginous 
matrix of the tumor. This sarcoma is considered 


Fig. 5. Case 8. Chondrosarcoma. 4, there is extensive growth of radiating spicules, the outer ends of which 
are flattened at the periphery as indicated by arrows. The calcification in the tumor occurs in large flecks. 
B, photomicrograph showing a lobule of well differentiated cartilage with embryonic cartilaginous tissue, 
containing many spindle and stellate cells abqut the periphery ( X 300). 
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Fic. 6. Case 9. Chondrosarcoma. 4, a roentgenogram made when the patient was first seen showing a large 
destructive lesion which has not broken through the cortex. B, two and a half years later this lesion contains 
many flecks of calcium, at arrows. This tumor still leaves the bony cortex intact. C, photomicrograph of 


secondary chondrosarcoma of tibia ( X 300). 


to represent malignant change in a chondroma 
which was benign at the first examination (Fig. 
6C). 


— 


Fic. 7. Case 10. Chondrosarcoma. The roentgeno- 
gram shows a large tumor leaving no trace of the 
cortex and containing flecks of calcium. 


Case 10. G. H., white male, aged fifty-six, 
was admitted on March 30, 1943, with a lump 
on his right side tn the mid-axillary line which 
had rapidly increased in size in the previous 
year. A resection of the tumor was done the 
next day and the patient was clinically well on 
April 4, 1944 (1 year after operation). 

The roentgen examination showed a tumor 
the size of an orange arising from the seventh 
rib in the mid-axillary line which had expanded 
the cortex leaving no trace of the original cor- 
tical line. Small spotty deposits of calcium could 
be seen (Fig. 7). 

Examination of the specimen showed the 
remnants of the cancellous portion of the rib 
in the center of the tumor. Sections showed a 
highly cellular tumor with a matrix of myxoma- 
tous tissue and embryonal cartilage. A good deal 
of bone was present but it appeared to be en- 
tirely reactive. The history suggests that this 
may have been secondary to a chondroma, but 
we have no roentgen or pathologic evidence of 
this. 


Case 11. F. H., white female, aged forty, was 
admitted to the hospital on March 12, 1944, 
with a history that one year previously a tumor 
of the rib had been noted in a routine roentgen 
examination of the chest. It gave no symptoms 
until about a month before admission when 
there was pain on deep inspiration. A segment of 
the rib 4 cm. long was resected the next day. 
The patient is entirely well at this time. 
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Fic. 8. Case 11. Chondrosarcoma. 4, this lesion expands the cortex of the rib but does not break through. 
It contains no calcification in the center. B, photomicrograph shows the immature character of the car- 
tilage, its marked cellularity and the plump appearance of the cells ( X620). 


The roentgen examination showed a central 
tumor in the eleventh rib. The cortex was 
slightly expanded but still intact. There were 
several small osteochondromas demonstrable 
in this patient (Fig. 84). 

The tumor was small and well circumscribed, 
being still enclosed within a shell of cortical 
bone. The diagnosis of malignancy was based on 
the histopathologic findings of marked cellu- 
larity, the general plump appearance of the 
nuclei, occasional binucleated cells, and mitotic 
figures. The matrix was almost wholly myxoma- 


tous. We have considered this histopathologic 
picture as indicative of early malignant change 
in a chondroma (Fig. 88). 


Case 12. J. M., male, white, aged thirty-six, 
was first seen by us on October 31, 1942, com- 
plaining of pain in the upper left femur for two 
months. On December 11, he was re-examined 
after the surgeon had made a clinical diagnosis 
of tumor because of the patient’s severe symp- 
toms. Disarticulation at the hip joint was ad- 
vised but refused by the patient. He was given 


!iG. g. Case 12. Chondrosarcoma. 4, roentgenogram made October 30, 1942, shows no evidence of a tumor. 
The tumor was first seen in a roentgen examination made December 11, 1942. B, roentgenogram made 
June 6, 1943, shows a large soft tissue tumor with destruction of the trochanters and flecks of calcification 


scattered throughout the soft tissue mass. 
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lic. 10. Case 13. Chondrosarcoma. 4, roentgenogram made of the shoulder in 1922 showing osteochon- 
dromas of the scapula and humerus. B, in 1934 the tumor of the scapula had undergone malignant change 
and was a huge tumor with large flecks of calcification scattered throughout. The tops of some of these 


were flattened, as in Figure ¢. 


extensive roentgen treatment and Coley’s 
toxins, both before and after biopsy, but the 
course was steadily retrogressive and he died 
at home on October 22, 1943, after the tumor 
spread to the illum and metastasized to the 
lungs. 

Roentgen examination made in October 
showed very slight rarefaction of the greater 
trochanter of the femur, but these slight changes 
were overlooked at that time (Fig. 94). In 
December there was a definite destructive le- 
sion of the greater trochanter and the neck of 
the femur, which as time went on showed flecks 
of calcification in a large soft tissue tumor 
(Fig. 9B). 

Biopsy of the tumor showed fairly well dif- 
ferentiated but unusually cellular cartilage and 
small foci of myxomatous tissue containing 
bizarre cells. 


Case 13. H. C., white male, aged thirty, was 
admitted on November 6, 1936, complaining of 
a rapidly growing lump on the right shoulder. 
Since the age of three or four many small lumps 
had been noted on his arms and legs and on 
other bones, and examination at the time of ad- 
mission showed many exostoses. Three days 
later the greater part of the scapula was ex- 
cised, but local recurrences were noted in Jan- 
uary, 1937, and the patient died of multiple 
metastases on March 11, 1937. 

The roentgen examination of this patient was 
of particular interest because in our files was a 
roentgenogram of the scapula which had been 


made twelve years previously and which 
showed an osteochondroma (Fig. 104). At the 
time of admission the scapula was almost en- 
tirely replaced by bony tumor which showed an 
irregular pattern of calcification, the calcifica- 
tion occurring in large irregular flecks. These 
were flattened along the periphery as was seen 
in Case 8 (Fig. 108). 

Histopathologically this was an anaplastic 
spindle cell tumor with occasional areas of myx- 
omatous tissue or of embryonal or calcified 
cartilage. 


Case 14. M. R., white female, aged sixteen, 
was admitted on November 4, 1933, with a 
lump on the anterior surface of the right shin 
of ten months’ duration. A therapeutic test 
with bismuth was carried out (in spite of a nega- 
tive blood Wassermann) because the possibility 
that the lesion was luetic was suggested. A trial 
of irradiation did not produce any beneficial 
change. In June, 1934, the tumor was excised 
but the specimen was lost and pathologic ex- 
amination was not made. There was a recur- 
rence in January, 1935, and at that time the 
tumor was incised. Several days later it was ex- 
cised again, also without pathological examina- 
tion. Extensive recurrence took place, and on 
April 12, 1935, a mid-thigh amputation was 
done. The patient was given roentgen therapy 
to the lungs and to the stump, but the lesion 
recurred in the stump in September, 1935, and 
the patient died on March 18, 1937, with lung 
metastases. 
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The roentgen examination showed a lesion 
of the anterior surface of the tibia characterized 
by thickening of the cortical bone, surmounted 
by a soft tissue area containing small discrete 
flecks of calcification (Fig. 114). This gradually 
grew larger, but after the second removal the 
recurrence showed definite periosteal prolifera- 
tion and coarse perpendicular striations with a 
large soft tissue tumor, much like the original 
appearance in Case 8. 

The tumor was predominantly myxomatous. 
The history suggests the possibility that the 
sarcoma developed at the site of a pre-existing 
benign lesion, and an osteochondroma was pres- 
ent at the upper end of the tibia. However, 
there are no roentgenographic or histopatho- 
logic findings which give support to this possi- 
bility (Fig. 118). 


Case 15. J. D., white female, aged fifty-two, 
was first seen in August, 1931, complaining of 
swelling and stiffness of the right knee for sev- 
eral months. Following examination here she 
went to the Johns Hopkins Hospital where an 
amputation just above the mid-thigh level was 
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done. She developed a local recurrence in the 
stump which extendedintothe pelvis,and pulmo. 
nary metastases, and she died on June 8, 1933. 

The roentgen examination showed an in- 
crease in the width of the right femur with 
marked subperiosteal reaction. The distinct- 
ness of the trabeculae was lost. The patient did 
not return for further examination as we re- 
quested (Fig. 12). 

The diagnosis of chondrosarcoma arising in 
Paget’s disease was made by Drs. J. C. Blood- 
good and Charles F. Geschickter. We have 
been permitted to study the sections which 
show a highly cellular tumor including myx- 
omatous areas and abundant neoplastic car- 
tilage. Nothing was seen in the sections which 
we studied to substantiate the diagnosis of 
Paget’s disease, but the roentgen examination 
is suggestive of this condition. We have classi- 
fied this lesion, therefore, as a secondary chon- 
drosarcoma. 


Case 16. W. K., male, white, aged sixty-five, 
admitted April 17, 1937, complaining of a con- 
tinuously growing lump on the left shoulder 


Hic. 11, Case 14. Chondrosarcoma. 4, when the patient was first seen, the roentgenogram showed a small 
soft tissue mass containing irregular calcific deposits, in addition to the bone involvement. After the second 
recurrence this resembled Figure 5. B, photomicrograph of the tumor of which the roentgen appearance is 


shown in Figure 11.4. Histopathologically this tumor is similar to Case 8, Figure 5B (x 300). 
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Fic. 12. Case 15. Chondrcsa:coma. The involved 
knee shows a widened bone with widened trabecu- 
lae and a generalized smudgy appearance of the 
bone. This was thought to be localized Paget’s dis- 
ease with sarcomatous change. 


for two years. One year before this lump was 
first noticed he had fallen on that shoulder, 
but there were no known bad effects from the 
fall for one year. Two days after admission the 
tumor and greater part of the scapula were re- 
moved, but there was a local recurrence in 
November, 1937, and the patient died in 
August, 1938, with lung metastases. 

Roentgenographic examination Showed a 
large tumor arising from the left scapula which 
contained mottled calcification similar to al- 
though not as extensive as that seen in Case 13. 

Much of the tumor was myxomatous or com- 
posed of closely packed, large spindle cells. On 
the basis of the clinical history it was classified 
as probably having arisen secondarily in a pre- 
existing osteochondroma. 


Case 17. E. C., female, white, aged twenty- 
two, was admitted on October 24, 1931, com- 
plaining of pain in the lower back and left leg. 
A large mass had been previously noted and 


diagnosed as sarcoma in another hospital. Chor- 
dotomy was done for the relief of pain, but no 
specific treatment was carried out for the tu- 
mor. The patient died six months postopera- 
tively. The tumor proved to be a chondrosar- 
coma, but we are unable to evaluate the 
roentgenologic features, as these roentgeno- 
grams have been destroyed. 


Case 18. J. K., male, white, aged fifty-one, 
was admitted on April 27, 1942, for inguinal 
herniorraphy. When he complained of pain in 
his left thigh radiating down his leg postopera- 
tively, a roentgen examination was done and 
the diagnosis of metastatic carcinoma was 
made. However, on August 11, 1942, the lesion 
was biopsied and diagnosed as a chondrosar- 
coma. The sections showed calcified cartilage 
and myxomatous tissue. No specific treatment 
was carried out and the patient became progres- 
sively cachectic and died on September 20, 
1942, although no metastatic lesions were 
demonstrated clinically or roentgenologically. 
Autopsy was not performed. 


Fic. 13. Case 18. Chondrosarcoma. The involved 
ilium shows generalized sclerosis with no destruc- 
tion and no soft tissue tumor demonstrable in this 
view. Later a soft tissue tumor developed on the 
lateral side which contained flecks of calcium sim- 
ilar to those in the other chondrosarcomas. 
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The roentgenographic examination of this 
patient showed a dense sclerosis of the left 
ilium with loss of bony trabeculation. This was 
thought to be metastatic carcinoma of an osteo- 
blastic type. As time went on, this spread and 
involved the head of the left femur (Fig. 13). 
The other bones were normal. 


ROENTGENOGRAPHIC FEATURES 


Comparison of the roentgenograms of 


this series of patients with the classical de- 
scriptions of these tumors of bone brings 
out several interesting points. Sclerosing 
osteogenic sarcoma is described as occurring 
characteristically on the shaft side of the 
epiphyseal zone and showing mottling due 
to destruction and sclerosis within the bone. 
In some instances the growth extends be- 
yond the epiphyseal zone as observed in 
Cases 1 and 2. The cortex is incompletely 
preserved although in spots it is obscured 
by calcification extending into the perios- 
teal and medullary zones. The periosteum 
is raised above or below the tumor giving 
periosteal lipping or the so-called ‘“‘Codman 
triangle’? and spicules of new bone are laid 
down perpendicular to the cortical surface 
producing the shaggy “‘sun-ray’”’ appear- 
There may be extension into the soft 
tissues. 21 

Osteclytic osteogenic sarcoma manifests 
itself by a central area of irregular destruc- 
tion which eventually extends through the 
cortex. It is asymmetrically located and 
there is periosteal reaction. The soft tissues 
are often 

In many cases the two types are co- 
existent, and these cases exhibit more defi- 
nitely the findings which have been de- 
scribed by Codman as occurring in every 
osteogenic sarcoma. According to him, 
these are tumors of invasive character with 
combined central and subperiosteal in- 
volvement in which fragments of the shaft 
remain. They may be either osteolytic, 
osteoblastic or both, and there is involve- 
ment of the soft tissues. 
these characteristics are not fulfilled one 
must suspect that the condition is not osteo- 
genic sarcoma.* 


ance. 
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Roentgenologically, Case 1 in our series 
is as nearly pure sclerosing osteogenic 
sarcoma as any we have observed, but even 
in this there is destruction of areas of the 
cortex which can be seen in the more highly 
penetrated roentgenograms. In these made 
for soft tissue detail it can be seen that this 
tumor has invaded the soft tissues of the 
leg. The sclerosis gives a cottony appear- 
ance to the lower end of the femur. It is 
important to note that in this patient there 
were none of the radiating spicules which 
have been called typical of osteogenic 
sarcoma. 

Case 4 in this series is as purely osteo- 
lytic osteogenic sarcoma as we have seen. 
The cortex on the mesial side of the bone 
was destroyed and there was a large soft 
tissue tumor. This was a far advanced lesion 
when it was first seen. There was “classical” 
periosteal lipping. Cases 2 and 3 would 
come under the heading of tumors of a 
mixed type, ro entgenographic ally, as would 
the other cases in which we have had 
roentgenograms to study. 

Case 6 is worthy of note in that it was 
probably the earliest case included in this 
series.. At the time of the first examination 
there was only a small amount of periosteal 
elevation and lipping to indicate the pres- 
ence of any pathologic lesion. This is one 
of the earliest signs of osteogenic sarcoma 
and should be carefully watched for in all 
patients complaining of persistent pain in a 
bone or joint. 

Lichtenstein and Jaffe! have divided the 
chondrosarcomas into two groups, the cen- 
tral and peripheral. The roentgenographic 
findings 1 in tumors of the central group can 
be divided into two subgroups, those which 
begin in the medulla, and others beginning 
in the cortex or just under the periosteum. 
The first group shows large thick-walled 

cavities tending to destroy the cortex. The 
areas of decreased density may show 
trabeculation, with central areas of multi- 
locular destruction or foci of calcification 
scattered irregularly throughout the lesion. 
They occur in the ends of long bones and 
the cortex is perforated late. In our series 
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Cases g, 10, and 11 fall in this group. The 
second subgroup shows a faintly visible 
shadow in the soft tissue next to the bone, 
raising the adjacent periosteum, frequently 
with no medullary and very little if any 
cortical involvement. The shadow is very 
faint and when calcification is present it is 
sparse and takes the form of radiating 
spicules at right angles to the cortex or 
large flecks. The entire lesion may cast so 
faint a shadow that the diagnosis of tumor 
may be missed on a limited roentgen exami- 
nation.*:!"-!!-2 Cases 8 and 14 in our series 
definitely fall in this classification. It is im- 
portant to note that the perpendicular 
spicules spoken of as occurring in this tumor 
may be distinguished from those of osteo- 
genic sarcoma because the former grow to 
greater length (sometimes an inch or more) 
while those of osteogenic sarcoma usually 
do not reach a length of over 3 inch. In ad- 
dition the radiating spicules occurring in 
chondrosarcoma show a flattened outer 
surface as if the outermost ends of the 
spicules were molded by the overlying 
muscles. 

Secondary or peripheral chondrosarcoma 
developing on the basis of benign osteo- 
chondroma in the cartilaginous cap usually 
retains some of the underlying features of 
the primary growth but the edge becomes 
ragged and a large soft tissue mass develops 
which contains scattered irregular foci of 
calcification." Those developing on the 
basis of Paget’s disease show some of the 
features of Paget’s, with added destruction 
of bone and perhaps pathological fracture. 
In our series Cases 13, 15, 16, and possibly 
Case 14 represent lesions of this type. All 
of these were large masses which showed 
irregular calcification. Case 14 developed 
perpendicular spicules which closely re- 
sembled those seen in Case 8 only after two 
local excisions and one incision of the 
tumor. 

All of the cases in our series had one find- 
ing in common—the spotty flecks of calci- 
fication that were seen in the tumor mass. 
In some this was very dense (Case 13), in 
others quite sparse (Case 10) but all ex- 
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hibited this feature to some degree. We 
believe that this is a significant finding, 
roentgenologically, in the differential diag- 
nosis of these lesions. 

The earliest case in this series was that 
recorded as Case 13, in which the first 
roentgen examination was reported as nega- 
tive and nothing could be seen until six 
weeks later when there was beginning de- 
struction of the neck of the femur. On 
reviewing the roentgenograms now, the 
impression is gained that there is some 
slight destruction of the neck which is 
probably of significance. This re-empha- 
sizes the fact that minimal changes must 
be carefully watched for and mentioned, 
and then followed closely in order to ascer- 
tain their significance. 

ATYPICAL CASES 

In our series of malignant bone tumors 

there are 3 cases in which we are unable to 


correlate the roentgenologic and pathologic 
findings. Summaries of these cases follow. 


Case 1g. D. B., female, white, aged forty, 
was admitted on March 24, 1931, with a chief 
complaint of tenderness over the left knee for 
three months, and swelling for one month. 
There was a history of previous fracture in that 
region with satisfactory union about ten years 
previously. On March 25, a mid-thigh ampu- 
tation was done. However, on January 11, 
1932,several recurrent nodules were excised from 
the scar, and on April 5, 1933, re-amputation 
of the left thigh was carried out in spite of pul- 
monary metastases at that time. Extensive ir- 
radiation was given to the stump and pelvis 
but the patient died on August 1, 1933. 

The roentgenographic examination showed a 
tumor of the medullary region of the lower end 
of the diaphysis which had extended into the 
external condyle of the femur. There was slight 
destruction of the cortex with breaking through 
at one point. The tumor contained flecks of 
calcification and suggestions of trabeculae, and 
the roentgenographic appearance was similar 
to that seen in Case g (Fig. 144). 

The tumor was composed of large spindle 
cells with no evidence of formation of cartilage, 
osteoid tissue or bone. Intercellular fibrillar 
material was abundant only in the recurrences. 
We have classified this tumor with the osteo- 
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Kic. 14. Case 19. Osteogenic sarcoma. 4, the tumor in the lower part of the femur shows a small area of de- 
struction of the cortex at the upper part of the lesion, indicated by arrows. There are suggestions of 
trabeculae and deposits of calcium. B, photomicrograph shows a uniform picture of a spindle cell tumor 
without evidence of bone or cartilage formation. This appearance is typical of that of numerous sections of 


the original tumor and both recurrences ( X 300). 


genic sarcomas pathologically, despite the fail- 
ure to form tumor bone. It corresponds with 
the medullary fibrosarcomas which the Regis- 
try lists as a subdivision of the osteogenic 
sarcoma group® (Fig. 148). 


Case 20. R. S., white male, aged twelve, was 
admitted on March 13, 1940, with a painful, 
stiff left knee of three weeks’ duration. Five 
days later exploration was done, frozen sections 
were made and the leg was amputated above 
the mid-thigh level without removing the 
tourniquet. By November, 1940, there were re- 
currences in the stump, the inguinal lymph 
nodes were enlarged, presumably due to metas- 
tases, and lesions were demonstrated by roent- 
genologic examination in the lungs and opposite 
femur. The patient died on December 15, 1940. 

The roentgen examination showed a fairly 
large soft tissue tumor involving the lower end 
of the right femur with periosteal elevation 
giving lipping and perpendicular spicules. 


There were many calcified areas in the soft 
tissue mass (Fig. 15, 47 and B). The roentgeno- 
grams of this tumor resemble those of Case 1, 
and would indicate that this tumor was an os- 
teogenic sarcoma. 

Sections of the tumor show cartilage which is 
highly cellular and extensively calcified, al- 
though some areas are myxomatous. This ap- 
pearance, of course, points to the diagnosis of 
chondrosarcoma, but very little tissue is avail- 
able for study and, in our opinion, the examina- 
tion cannot be considered sufficiently complete 
to classify this tumor accurately as a chondro- 
sarcoma, especially since the roentgen findings 
are so characteristic of osteogenic sarcoma (Fig. 


15C). 


Case 21. J. L., male, Negro, aged seventeen, 
was admitted May 17, 1943, complaining of 
stiffness and swelling of the right knee for one 
month. After the roentgen interpretation, am- 
putation was advised, but the patient’s family 
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signed his release and took him to another hos- 
pital where the condition was diagnosed as os- 
teomyelitis and the tumor incised. Uncontrolla- 
ble hemorrhage followed and an emergency 


sue mass. There were some flecks of calcifica- 
tion within the soft tissues, and destruction of 
the cortex of the bone was marked along the 


medial side (Fig. i164). 


Fic. 15. Case 20. Questionable chondrosarcoma. /, lateral roentgenogram showing the combined sclerosis 
and destruction, with a large soft tissue tumor. B, anteroposterior view showing the radiating spicules. 
C, photomicrograph showing fairly well differentiated cartilage with extensive calcification ( X 300). 


amputation was done on June 26, 1943. The 
patient died that night in shock. Permission 
for an autopsy was not obtained, but we secured 
the amputated leg for examination. 

The roentgenographic examination showed a 
destructive lesion of the lower end of the femur 
with periosteal elevation above a large soft tis- 


Histopathologically, atypical and well differ- 
entiated cartilage formed a large part of this 
growth but it was considered more proper to 
classify it as an osteogenic sarcoma since in 
addition there was considerable formation of 
tumor bone or osteoid directly from the highly 
cellular matrix of the tumor (Fig. 16, B and C). 


: 
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Fic. 16. Case 21. Osteogenic sarcoma. 4, the roentgenogram shows a large soft tissue tumor lifting the 
periosteum and containing flecks of calcium as seen in chondrosarcoma. There is some destruction of the 
bone. B, the tumor contained abundant cartilage, which is evident in the peripheral portion of the lesion 
in the photograph (the fracture was produced in preparing the specimen). C, photomicrograph of the 
tumor illustrated in B, showing one of the areas where osteoid intercellular substance is being laid down 


( X620). 


These 3 cases which have the roentgen 
characteristics of one lesion and the patho- 
logic characteristics of another demonstrate 
that accurate diagnosis cannot always be 
made from the roentgen examination alone. 
Case 19, which could be classified as typical 
of the central chondrosarcomas from the 


roentgenologic appearance and closely re- 
sembling Case 9, showed the histopatho- 
logic pattern of medullary fibrosarcoma of 
bone. The clinical course of this patient 
differed from that of our other osteogenic 
sarcomas in that this woman had a recur- 
rence in the scar, and in its unusual life 
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history of twenty-nine months. It resem- 
bles more closely the way in which our 
fatal cases of chondrosarcoma terminated. 
The osteogenic sarcoma cases, for the most 
part, developed lung metastases and died 
within a very short time. Ewing® describes 
a roentgenographic appearance similar to 
that of this case as characteristic of the 
medullary fibrosarcoma, and adds that 
such tumors usually run a slow course and 
are comparatively benign. Simmons” de- 
scribes 2 cases of central osteogenic sar- 
comas of fibrous type which were diagnosed 
by the roentgen examination as giant cell 
tumor. They were treated by irradiation 
and died with lung metastases six and seven 
years respectively, after the beginning of 
treatment. 

Both Cases 20 and 21 demonstrate the 
contention that the pathologic material 
from which the diagnosis is made must be 
adequate and representative of all parts of 
the tumor. While we feel that in Case 20 
the roentgen appearance of the tumor was 
typical of the osteogenic sarcoma group, 
the two small sections of tissue still avail- 
able to us for study do not confirm this, 
but would indicate that it is a chondrosar- 
coma. However, because of the roentgeno- 
graphic appearance and the inadequacy of 
the pathologic material we feel justified in 
classifying this as a probable osteogenic 
sarcoma. 

Case 21 is a tumor that roentgenograph- 
ically was typical of the chondrosarcomas, 
in that there was a very large tumor with 
very little calcification scattered in large 
flecks as is often seen in that condition. 
However, after pathologic study it has been 
listed with the osteogenic sarcomas _be- 
cause of the finding of direct tumor osteoid 
formation. According to Lichtenstein and 
Jaffe! true tumor bone or osteoid tissue is 
never found in chondrosarcomas, and Ge- 
schickter and Copeland* describe true 
tumor bone as occurring in chondrosar- 
comas only next to the periosteum in the 
dense embryonal connective tissue strands 
dipping down from the margin of the 
tumor. This tumor might readily have been 


incorrectly classified as a chondrosarcoma 
if pathologic study had been limited to a 
biopsy or to a few small portions of the 
amputated specimen. In view of the abun- 
dance of cartilage in the tumor, such frag- 
ments might have been composed entirely 
of such tissue and the roentgenographic 
study would have lent support to the diag- 
nosis of chondrosarcoma. We believe that 
it is the abundant cartilaginous tissue that 
accounts for the roentgenographic re- 
semblance of this tumor to the other lesions 
in the chondrosarcoma group. 


OTHER CASES CAUSING CONFUSION 


Along with these tumors which fit into 
the series of osteogenic sarcoma and chon- 
drosarcoma, we have observed five lesions 
of bone which have certain characteristics 
that might cause them to be confused with 
these two primary malignant tumors of 
bone. Abstracts of their histories follow. 


Case 22. A. M., white male, aged twenty, 
was admitted November 18, 1931, complaining 
of pain in the left arm for seven months, with 
some loss of motion in that shoulder. After ex- 
amination here, he was re-examined in another 
hospital and finally went to Memorial Hospital 
in New York where extensive roentgen therapy 
was given. He later returned here, and meta- 
static lesions were demonstrated in the lungs in 
October, 1932. He died in this hospital on 
April 6, 1933. Autopsy was not performed, but 
a specimen from the lesion of the shoulder was 
obtained for examination. 

The only roentgenogram available at this 
time was made shortly before the death of this 
patient. It shows a destructive lesion of the 
upper end of the left humerus with a large soft 
tissue tumor containing many flecks and de- 
posits of calcium. There is no evidence of 
sclerosis, but periosteal reaction can be seen 
below the tumor (Fig. 17). As this tumor had 
been followed from a very early stage, it was 
thought to be Ewing’s sarcoma, but, on the 
basis of the first examination only, it could 
easily be confused with a chondrosarcoma, such: 
as Case 12. 

Sections of the tissue obtained postmortem 
for histopathologic examination showed a tu- 
mor of solid cords of moderately large cells with 
heavily stained nuclei and little cytoplasm. 
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There are few intercellular fibrils and no tumor 


bone or cartilage. Although this examination is 
fragmentary, because of this appearance and 
because of the initial response of the tumor to 
roentgen therapy, this is classified as a Ewing’s 
tumor. 


Case 23. J. K., male, white, aged sixty, was 
admitted on July 25, 1927, complaining of pain 
in his left knee of three months’ duration. Vari- 
ous types of physiotherapy had been ineffectual 
elsewhere in relieving his pain. The diagnosis of 
osteogenic sarcoma was pee’ by roentgeno- 
graphic examination. He was given high voltage 
roentgen irradiation to the leg with immediate 
relief of pain, but was then transferred to the 
Philadelphia General Hospital. He died there 
on November 22, 1927. At postmortem exami- 
nation a carcinoma of the prostate was found 


Fic. 17. Case 22. Ewing’s tumor in a late stage. This 
shows a large soft tissue tumor, considerable 
periosteal proliferation, destruction of the cortex 
and a pathological fracture. Note the similarity 
between this and Figure 9B. 
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Kic. 18. Case 23. Metastatic carcinoma from the 
prostate gland showing radiating spicules of bone. 


on histopathologic examination, although it 


was not suspected from the gross appearance of 


the gland. This had given rise to multiple bony 
metastases, including those to the right femur.* 

Roentgenologic examination showed involve- 
ment of the lower two-thirds of the femur 
with.a diffuse periosteal osteoblastic process 
with coarse radiating spicules covering almost 
the entire length of bone. The shadow of the 


cortex was preserved in spite of moderate de- 


struction which could be seen in the over-pene- 
trated films. Later when roentgenograms were 
made of the lumbar spine and pelvis it was seen 
that there were diffuse osteoblastic metastases 
in those regions (Fig. 18). 


Case 24. T. A., female, white, aged twenty- 
seven, was admitted on August 24, 1940, com- 
plaining of pain in her right thigh of six weeks’ 
duration. There was some swelling in that re- 
gion. Her blood count was normal. On August 


* Dr. William Ehrich of the Department of Pathology, 
Philadelphia General Hospital, reviewed this material for us. 
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Kic. 19. Case 24. Osteomyelitis, showing bone de- 
struction with some new bone formation. This 
shows no radiating spicules of bone, but the perios- 
teal bone formation appears to come from the re- 
gion immediately adjacent to the area of destruc- 
tion. 


26, 1940, an amputation was done above the 
mid-thigh level after a frozen section diagnosis 
of sarcoma was made. This woman is still living 
and well. 

Roentgenologic examination showed an area 
of bone destruction in the middle of the shaft 
of the right femur with some new bone forma- 
tion, but without striation. There was no per- 
iosteal lipping and none of the signs described 
as typical of osteogenic sarcoma was present. 
However, the original roentgen diggnosis was 
probable osteogenic sarcoma, and biopsy was 
suggested (Fig. 19). 

Careful review of the histopathologic sec- 
tions shows nothing that might be interpreted 
as evidence of malignancy. The findings are 
those of chronic suppurative osteomyelitis. 


Case 25. J. G., male, white, aged seventeen, 
was first seen by us on November 29, 1942, at 
which time he gave a history of pain in his left 
knee for a year, which was preceded by being 
kicked below the knee by a mule. Roentgeno- 
grams were made and the tibia was biopsied. 


The roentgenographic examination showed 
periosteal proliferation with fine perpendicular 
striations around the upper outer surface of the 
tibia, but there was little or no evidence of de- 
struction of the cortex. It was thought that this 
probably represented an early primary bone 
tumor. Subsequent examinations have shown 
that the lesion is disappearing (Fig. 20). 


Fic. 20. Case 25. Periostitis, showing radiating 
spicules. (See footnote to Case 25.) 


The pathologic examination of the tissue re- 
moved at biopsy showed a nonspecific perios- 
titis with considerable fibrous tissue produc- 
tion but without any suggestion of tumor. This 
has been confirmed by the subsequent clinical 
course of the patient who is recovering without 
specific treatment of any kind.* 


Case 26. W.C., male, white, aged thirty-two, 
was admitted on April 22, 1930, with a history 
of pain in the right arm with enlargement for 
four months. Pathologic fracture had occurred 
in January, 1930. On April 23, a resection of 
the lesion was carried out and the gap was 
bridged by a bone graft from the fibula. A 
similar lesion of the right ulna was removed at 


* Since this paper was submitted and twenty-five months after 
his first admission, this patient was readmitted with a large tumor 
involving the left inguinal lymph nodes. These nodes were excised 
and pathologic examination revealed a neoplasm very suggestive 
of “Ewing’s tumor.” In addition, information was obtained that 
before his first admission here the patient had received an un- 
known amount of irradiation over the tibial lesion at another 
hospital, after refusing biopsy. We have therefore reclassified this 
case as Ewing’s tumor of the tibia with metastases to the inguinal 
lymph nodes, presuming that the irradiation received elsewhere 
eradicated pathologic evidence of the tibial neoplasm. 
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the same time. He was last seen in May, 1943, 
at which time he was living and well. 

The roentgen examination showed an ex- 
panding, destructive, fusiform lesion of the 
middle of the humerus with a pathologic frac- 
ture. There was no sclerosis or periosteal pro- 
liferation. There was a cup-shaped lesion on one 
side of the ulna (Fig. 21). 

The histopathologic examination after re- 
moval showed large areas of partially organiz- 
ing hemorrhage and many blood-filled vascular 
channels, usually of capillary size but occasion- 
ally having smooth muscle in their walls. The 
tumor was diagnosed as a hemangioma. 


COMMENTS ON DIAGNOSIS 


Krom this entire series of cases several 
important points in the diagnosis of lesions 
of bone can be made. First, we believe that 
it is worth while to restate the fact that 
perpendicular striations are not character- 
istic of osteogenic sarcoma alone. In this 
small series we have seen them in chondro- 
sarcoma, periostitis and metastatic carci- 
noma. In the latter case the carcinoma was 
primary in the prostate gland. Bone me- 
tastases from prostatic carcinoma as well 
as from some carcinomas of the gastro- 
intestinal tract and benign hemangiomas 
of bone may show the perpendicular stria- 
tions. 

We have made an effort to differentiate 
the type of spicules produced by osteogenic 
sarcoma and chondrosarcoma and have in- 
cluded illustrations of each type. However, 
the striations produced in Case 25*, that of 
traumatic periostitis, are quite similar to 
those of osteogenic sarcoma, and to us it 
appears impossible to distinguish between 
these two roentgenologically or clinically. 
This appearance can be produced by any 
injury in which the periosteum is elevated 
and there is hemorrhage beneath it but 
where some of the vertically arranged blood 
vessels remain intact, as is the case when 
bone is operated upon. Therefore, care must 
be exercised in the interpretation of the 
significance of perpendicular spicules sur- 
rounding bone observed in roentgenograms 
obtained a week to ten days following op- 
eration. 


See footnote to Case 26. 
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Fic. 21. Case 26. Hemangioma of bone showing a 
localized area of expansion of the cortex with de- 
struction, which might be mistaken for osteolytic 
osteogenic sarcoma. 


Cases 19, 20, and 21 illustrate the diffi- 
culties developing from the fact that some 
cases of osteogenic sarcoma have roentgen 
patterns typical of chondrosarcoma, and 
vice versa. The case of Ewing’s tumor pre- 
sented as Case 22 could easily be confused 
with chondrosarcoma. Swenson” has re- 
cently stated that the only characteristic 
feature of Ewing’s tumor was destruction 
of bone, which all cases exhibit, but that 
there was no pathognomonic feature. This 
supports the contention that before radical 
surgical treatment is instituted, biopsy 
should be done,'’ and we believe that if 
clinical and roentgen examinations do not 
show an unequivocal malignant bone tumor 
the pathologist should have the benefit of 
the best possible sections instead of having 
to rely on a frozen section. If frozen section 
is done and the findings are in the slightest 
degree equivocal, then the surgeon should 
wait until good paraffin sections can be 
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made and studied. In Case 24 a leg was 
sacrificed because of an error in diagnosis on 
frozen section, and a too hasty procedure 
might have had the same result in Case 25. 
An arm might have been needlessly ampu- 
tated in Case 26 if the surgeon had not been 
sure enough that he was dealing with a be- 
nign tumor from the gross appearance. 

The need for a skeletal survey in all cases 
of suspicious bone lesion is illustrated by 
Cases 18 and 23. The former was called 
metastatic carcinoma at the first examina- 
tion, but if a survey had been done and no 
other lesion found and if a careful clinical 
and roentgenologic search had been carried 
out for the primary site and none found, 
the diagnosis of primary bone neoplasm 
possibly would have been reached sooner. 
In the latter case a skeletal survey would 
have revealed other metastatic foci. We do 
not mean to infer that all metastatic tu- 
mors are multiple or that the primary 
growth can be found in all cases, although 
that is often true, as it was in Case 23. 


CLINICAL COURSE 


It is obvious that 9 cases of any disease 
is not a sufficiently large series from which 
to derive any percentage statistics as to 
methods of treatment, but from our 7 cases 
of typical osteogenic sarcoma and 2 cases 
which were diagnosed pathologically as os- 
teogenic sarcoma but considered roent- 
genologically to represent other groups, all 
are dead, the longest survival being twenty- 
nine months in Case 20, one of the atypical 
group. With the exception of Cases 2, 5, 
and 6 all of these patients had immediate 
amputation or excision of the tumor. Case 
2 had a delay of three months in which he 
was given a moderate amount of irradia- 
tion. Case 5 had a delay of two months in 
an attempt to give irradiation, but since it 
was not well tolerated only a very small 
amount was given, and Case 6 had irradia- 
tion for one month. While this is the type 
of treatment recommended by both Fer- 
guson’? and McNattin,” in none of these 
cases did the delay approach the time 
period they advocate and the quantity of 
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irradiation in each case was much less than 
that recommended by the latter. According 
to Ferguson’s criteria, the treatment in all 
our cases of osteogenic sarcoma comes 
under the heading of immediate amputation, 

Of these 9 cases, all of whom had “‘im- 
mediate” amputation, all are dead, 8 dying 
with metastases and the ninth (Case 21) 
immediately following amputation in an- 
other hospital. Two of these patients were 
aged forty years; 1 had a tumor of the 
scapula (Case 5); the other had a tumor of 
the femur and is listed with the atypical 
cases (Case 19). The ages of the others 
ranged from thirteen to twenty. As we have 
mentioned this is a small series, but it indi- 
cates that immediate amputation was not 
the answer to the problem of treatment in 
these patients. While we have no patients 
in whom amputation was delayed more 
than three months, the results reported by 
McNattin” are far superior to those we can 
show. 

The results at Memorial Hospital in New 
York with preoperative irradiation are not 
as striking, but Coley and Pool’ report 34 
per cent five year survival with irradiation 
followed by radical surgical treatment as 
opposed to 31 per cent with radical surgery 
alone.’ However, they did not use as heavy 
dosage nor delay for as long a time as Me- 
Nattin.” Coley and Pool’s cases include 
chondrosarcomas and periosteal fibrosar- 
coma and McNattin includes at least one 
fibrochondrosarcoma. 

Ferguson’ has amply discussed the possi- 
ble reasons for the improved end-results 
associated with delayed amputation. Coley 
and Pool’s figures support Ferguson’s prin- 
cipal thesis but they disagree with him in 
considering that the length of delay corre- 
sponds with the relative degree of malig- 
nancy. Specifically, they agree with Cope- 
land! that the tumors of lower grades of 
malignancy are those in which treatment is 
long delayed. 

Whereas our results with early amputa- 
tion in osteogenic sarcoma are uniformly 
bad, this is not true of the chondrosar- 
comas. In our group of 11 cases of chondro- 
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sarcoma and 1 doubtful case, all with 
complete follow-up, 4 are alive and without 
evidence of disease at the time of this re- 
port. Two of these cases (Cases 10 and 11) 
have been treated too recently for evalua- 
tion (one year and three months, respec- 
tively). The other 2 cases have survived 
eight and six years (Cases 8 and g). These 
4 cases were treated surgically, the 2 with 
long survivals by amputation and the 2 
with short survivals, both tumors of ribs, 
by resection. In 2 of the remaining 8 cases, 
there was no attempt at treatment other 
than biopsy and 1 other patient received 
irradiation and Coley’s toxin, but no radi- 
cal surgical treatment (Case 12). The re- 
maining § patients were treated surgically, 
either by amputation or excision. In all 
of the treated fatal cases metastases oc- 
curred within a year after the initial treat- 
ment of the lesion. Although the percentage 
of survivals means little in a series so small, 
it seems significant that all of our living 
patients with malignant bone tumors, in- 
cluding 2 patients surviving six and eight 
vears, had chondrosarcoma. 

The tumor of one of our long surviving 
cases is probably secondary to a pre-exist- 
ing enchondroma, and this may also be true 
of the 2 cases of rib tumor recently treated. 
Among the patients who failed to survive, 
2 had chondrosarcomas developing in the 
cartilaginous cap of osteochondromas and 
1 had chondrosarcoma secondary to local- 
ized Paget’s disease of bone, With one ex- 
ception (Case 9), these secondary chondro- 
sarcomas occurred in individuals past the 
age of thirty. One apparently primary 
chondrosarcoma occurred in a patient aged 
thirty-six and one in a patient over fifty 
vears of age (Case 18). 


SUMMARY 


A series of cases of osteogenic sarcoma, 
chondrosarcoma and other bone lesions 
seen in the Hospital of the University of 
Pennsylvania since January 1, 1931, has 
been reviewed. There were 7 cases of osteo- 
genic sarcoma, 11 cases of chondrosarcoma, 
and 3 cases in which the roentgen and path- 
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ologic diagnoses were at variance. We have 
also included 5 cases which might be con- 
fused with these conditions. There is a 
characteristic roentgen pattern for each of 
these groups, but enough cases differ from 
this to make us feel that the diagnosis can- 
not be made from the roentgen examination 
alone. As benign conditions may simulate 
malignant tumors the pathologist should 
have the best possible material on which to 
base his diagnosis. Every case presenting a 
bone lesion of this type should have a 
roentgen survey of the skeletal system to 
determine the presence of other lesions. 

All of the patients with osteogenic sar- 
coma were treated by immediate amputa- 
tion and all died, the longest survival being 
twenty-nine months. Four cases of chon- 
drosarcoma survive, one for eight years and 
one for six years. The other 2 cases were 
treated within the last fifteen months. Be- 
cause of the differences in clinical course 
and survival rate, we are in agreement that 
these two groups of tumors should be 
separated, as recommended by the Bone 
Tumor Registry of the American College of 
Surgeons. 

CONCLUSIONS 

1. The diagnosis of the pathologic type 
of malignant bone tumor cannot be made 
with certainty from the roentgen examina- 
tion alone. 

2. Benign conditions may simulate 
malignant bone tumors. 

3. In order to make as many correct di- 
agnoses as possible, one should do a com- 
plete skeletal survey in every case of bone 
lesion which is suspected of being malig- 
nant, and the material submitted to the 
pathologist as a biopsy should be repre- 
sentative of the tumor. He should be al- 
lowed adequate time to make and study 
paraffin sections if there is any doubt about 
the nature of the lesion. 

4. The problem of treatment of malig- 
nant bone tumors in general and of osteo- 
genic sarcoma in particular has not been 
solved. 


3400 Spruce Street 
Philadelphia, Pa. 
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TERATOMA OF THE TESTIS 
REPORT OF SIXTY-FIVE CASES* 
By MAJOR JOHN L. BARNER 


Medical Corps, Army of the United States 


IXTY-FIVE casesof teratoma of the tes- 

tis have been observed and treated 
within the past thirty-three months at an 
Army general hospital. This is a percentage 
of 0.315 for hospital admissions, 2.62 per 
cent for all cases admitted to the Genitour- 
inary Service and 7.86 per cent for all cases 
of malignancy. This frequency is relatively 
high, and constitutes one of the more com- 
mon class of tumors observed. It has been 
pointed out that for the year 1941, 7.2 per 


The etiology of these malignant tumors 
of the testis is not fully known but it is felt 
that the various factors which should be 
considered are heredity, abnormal devel- 
opment, sexual activity, trauma, occupa- 
tion, biochemical or endocrine changes, and 
infections. Of these the most significant is 
probably abnormal development, especially 
ectopic or undescended testes, which was 
present in only 3 of the cases observed. 

Another factor to be considered is that of 
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cent of all malignant neoplasms occurring 
in white personnel of the Army were tes- 
ticular tumors,! and this is emphasized by 
our findings. 

These tumors have been reported as oc- 
curring most frequently between the ages 
of twenty and forty years, although pa- 
tients as old as eighty-four years? and in- 
fants as young as nine months? have been 
known to suffer from the condition. The 
average age of the 65 cases was twenty- 
eight years and is within the mean reports 
of other authors. The distribution of inci- 
dence is shown in Figure 1. 

The average occurrence ages for the vari- 
ous types of tumors is given in Table 1. 


INCIDENCE 


I 


trauma, which was mentioned in the his- 
tory of 21 cases, but whether the trauma in 
any case produced the tumor can be dis- 
puted, for it seems more apparent that the 
trauma in almost every instance called the 


TABLE I 


AVERAGE OCCURRENCE AGES FOR THE VARIOUS TYPES 
OF TUMORS 


Age yr. 

Adult teratoma 27 
Teratoid (mixed) 

Rhabdom yosarcoma 20 

Adult malignant 40 
Embryonal 

Adenocarcinoma 26.4 

Embryonal carcinoma 29.9 
Fibroma 265 


* Presented at the Joint Meeting of the American Roentgen Ray Society and the Radiological Society of North America, Chi- 


cago, IIl., Sept. 24-29, 1944. 
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patient’s attention to the presence of the 
mass. 
The necessity for an early diagnosis in 
testicular tumors cannot be overstressed. 
Of the 65 cases treated there were 27, 0 
41.5 per cent, who were treated for condi- 
tions other than teratoma before the final 
diagnosis was suspected. These conditions, 
together with the number of cases of each, 
are given in Table 11. 
Tasce Il 
Epididymitis 
Orchitis 
Hydrocele 
Hematocele 
Abdominal mass (with operation and the diag- 
nosis suspected from the pathological report) 3 
Syphilis and gonorrhea (when the enlarged tes- 
ticle was noted during the course of treatment) 


AN 


Early diagnosis can generally be made if 
one remembers the most important fea- 
tures of the symptoms and signs. It must 
be recalled that the development of these 
tumors is usually insidious and that the pa- 
tient is not aware of the condition until it 
has existed for some time. By far the most 
frequent symptom is painless swelling, 
which was the case with 45 patients (69 per 
cent) of this series. Pain is a less common 
symptom and when present may be the re- 
sult of coincidental trauma, sudden growth 
or extension outside the confines of the 
tunica. This symptom was noted in 14 
cases (21.5 per cent). In 6 cases (9 per cent) 
the tumor was found on routine examina- 
tions for other purposes, but these patients 
recalled the sensation of a heaviness or 
dragging sensation within the scrotum. 
Symptoms referable to masses within the 
abdomen or adenopathy are indicative of 
far advanced growth and should not be 
considered in the discussion of early diag- 
nosis. 

The duration of symptoms before the pa- 
tient seeks medical attention is difficult to 
explain, especially since the organs are so 
prominently situated. Procrastination on 
the part of the patient to submit to exami- 
nation when he believes there might be a 
tumor is a handicap that can only be over- 
come through medical education. This ob- 
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servation is present among the cases of this 
series, but is not so obvious as among simi- 
lar cases in civilian practice, probably be- 
cause of the periodic and routine physical 


examinations conducted for the control of 


diseases among the Armed Forces. Of the 
65 cases, 75.21 per cent received medical 
attention within the first year after the 
symptoms were noted, and of these, 12.33 
per cent were of one month’s duration or 
less; 7.69 per cent were of two months’; 9.07 
per cent three months’; 10.76 per cent four 
months’; 1.53 per cent five months’; and 
7.69 per cent were of six months’ duration. 

The diagnostic signs of these tumors are 
few but significant and important. The 
history and course of the condition may be 
suggestive—usually a progressive enlarge- 
ment of the testicle, sometimes with pain 
but more frequently without pain. The 
testicular tumor generally involves the 
testis by infiltration and invasion rather 
than by displacement, so that there is a 
tendency for the organ to retain its natural 
outline. The testis is usually smooth and 
freely movable, and it is not until the ad- 
vanced stages of growth that it may show 
signs of being nodular or irregular and fixed. 
A fixed mass may be accepted as one escap- 
ing its natural confines, and in these cases 
the scrotum is usually involved and there 
is evidence of inguinal adenopathy. Early 
in the development of the tumor the testi- 
cle is quite firm to stony hard, though cys- 
tic areas are not uncommon, probably due 
to the rapid growth with the areas of focal 
necrosis. Neuralgia or tenderness on exam- 
ination is not uncommon. The cord may be 
thickened because of the increased weight, 
resulting in some engorgement of the ves- 
sels, but in nearly every case the epididy- 
mis can be delineated. The mass does not 
transilluminate light. 

Differentiation must often be made from 
epididymitis, hydrocele, —hematocele, 
gumma, tuberculous orchitis, or a chronic 
orchitis with fibrosis from other causes. 
Careful examination and routine clinical 
and laboratory studies can usually differ- 
entiate these conditions at an early date. 
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In those cases which offer any question of 
diagnosis, we believe a surgical exploration 
is warranted rather than aspiration of the 
mass or delay for observation while the pa- 
tient is under palliative treatment. 

Of our series, 34 cases (52.3 per cent) had 
involvement of the right side, 29 cases 
(44.6 per cent) were on the left side, and 2 
cases (3.07 per cent) were bilateral. This 
same degree of difference is noted by other 
authors and is explained on the basis of a 
greater frequency of undescended testis on 
the right side.* 

Any attempt at classification in this brief 


when a testicular mass is suspected or clin- 
ically diagnosed as being a tumor, the pa- 
tient undergoes an orchidectomy and re- 
moval of the cord with accompanying 
structures high at the internal abdominal 
ring. We believe this operation of high 
removal is always indicated for two rea- 
sons: namely, the removal of as much of 
the lymphatic tract as possible, and the 
comfort of the patient. So often the re- 
maining stub of the cord is not only a po- 
tential site for recurrences but is also ten- 
der and a constant source of irritation and 
discomfort which leads to future complaints. 


TaBLe III 


COMPARATIVE TABLES 


Ewing’s Classification 
1. Adult embryoma or teratoma 


to 


. Embryoid, teratoid or mixed tumors. 
(a) Rhabdomyosarcoma 
(b) Adult malignant teratoma I 


3. Embryonal malignant tumors 
(a) Adenocarcinoma 2 
(b} Embryonal carcinoma 3 
(c) Seminoma 


4. Others 
(a) Fibroma 


presentation would be inadequate. It is 
only necessary to point out that we feel 
most present day classifications are inade- 
quate. Both Ewing’s classification and that 
of the Army Medical Museum have been 
used as a working basis. 

In reporting our results, we believe at 
this time that for all purposes, it is best to 
list the number of each type found patho- 
logically according to these two classifica- 
tions. This is shown in Table 111. 

The treatment generally practiced at our 
hospital for these tumors is one of com- 
bined surgery and irradiation. Here, we be- 
lieve, lies the second most important factor 
for the patient’s best chance of survival, 
namely, early adequate operation, followed 
by sufficient irradiation, the first and most 
important factor being early recognition. 
By early adequate operation is meant that 


Army Medical Museum Classification 
1. Teratoma benign 3 


te 


Teratoma malignant 

(a) Embryonal carcinoma 33 
(b) Adenocarcinoma 28 
(c) Seminoma 


(d) Non-epithelial tumors 
(1) Rhabdomyosarcoma I 
(2) Fibroma I 


As soon as it is felt advisable to move the 
patient after operation, as early as the 
third to fifth day, a course of external deep 
roentgen therapy is begun. 

Therapy is given with the following fac- 
tors: 220 kv. (G. E. Maximar), 15 ma., So 
cm. target-skin distance, 0.5 to 1.0 mm. 
Cu plus 1.0 mm. Al filter (half-value layer, 
0.9-1.35 mm. Cu), 47 to 32 r per minute 
(measured in air). 

The course of irradiation, as given here 
in all our cases, depends upon (1) those 
cases in which no metastases are found at 
any time, and/or in which the duration of 
symptoms is six months or less; and (2) the 
presence of metastases before operation or 
before treatment, and on duration of symp- 
toms over six months. 

In those cases falling within group (1) of 
no metastases, the portals of treatment are 
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directed over the operative site (including 
the scrotum and femoral triangle), over the 
mid-abdomen, epigastrium, and _ poste- 
riorly over the upper sacrum and abdomen, 
and flanks (Fig. 2). 

Those cases in which metastases are sus- 
pected or are known to be present, group 


Fic. 2. Patient without metastases. 


(2), the fields are the same as those used in 
group (1) with the addition of a lateral field 
to the abdomen, anterior and _ posterior 


Fic. 3. Patient with known metastases. 


chest fields, and usually another field over 
the left supraclavicular region (Fig. 3). 

In both outlines of treatment, the daily 
amounts of radiation (no treatments given 
on Sunday) are 200 to 250 r to each of two 
fields, in rotation, until a total of 1,600 to 
2,000 r per field has been administered. 
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The most frequent complication of treat- 
ment is irradiation sickness. Another factor 
observed is the patient’s general constitu- 
tional toleration first evidenced probably 
by signs of leukopenia. The complications 
are all treated by more or less conventional 
methods, based upon supportive care. 

Upon completion of treatments all pa- 
tients are carefully checked for evidences 
of metastases or recurrences, and when 
maximum hospitalization has been reached 
each case is presented for disposition. 

The most earnest attempts are made to 
follow these patients. This is often done 
directly between the patient’s referred or 
family physician, veterans’ facilities, or the 
information is obtained from the patient 


Dear Sir: 


I would appreciate hearing from you on your 
present condition. It is necessary that I have a fol- 
low up on cases treated that others in the future 
might be benefited from any information you can 
give me. 

1. Have you maintained your weight? 

2. Do you have any complaints—(cough, pain, en- 

larged glands)? If yes, please explain. 

3. Has there been any recurrence of tanning at the 

spots where you received X-Ray Therapy? 

4. Do you have any difficulty in elimination? 

. Are you receiving frequent check-up examina- 
tions? If yes, please give the name and address 
of your physician. 


Sincerely, 
Major, 
P.S.—You may use this sheet for reply. 


Fic. 4 


himself through correspondence with a 
form letter (Fig. 4). 

To the best of our knowledge, we have 
had only 7 deaths in the last thirty-three 
months among the 65 cases treated. A like 
number are returning for additional roent- 
gen therapy or inform us of complaints vary- 
ing all the way from loss of weight, cough, 
and weakness to vague abdominal symp- 
toms. The majority of these patients are 
apparently well and have returned to a 
wage-earning civilian life. 
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SUMMARY 


1. Sixty-five cases of teratoma of the 
testis have been followed within the past 
thirty-three months. They were found to 
occur in individuals at the average age of 
twenty-eight years. 

2. Early diagnosis is the most important 
factor in a high survival rate and cannot 
be overstressed. Of the cases, 75.21 per 
cent received medical attention within the 
first year after the symptoms were noted. 

3. The most important diagnostic sign 
is painless swelling of the testicle with 
tendency for the organ to retain its natural 
and outline. 

. Treatment should be early and ade- 
quate, relying upon surgery and postopera- 
tive irradiation. Surgery includes not only 
an orchidectomy but removal of the cord 
high at the interna] abdominal ring. 

Irradiation is given early postopera- 
tiv i and is outlined depending upon, the 
duration of symptoms and presence of 
demonstrable metastases. 

Follow-up shows that 72.3 per cent of 
these 65 cases have replied to correspond- 
ence; 10.7 per cent of the total number of 
cases have died. 

CONCLUSION 

It is believed that this plan of treatment, 
orchidectomy with postoperative irradia- 
tion, is superior to orchidectomy or irradia- 
tion alone. 
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DISCUSSION 

Dr. Water C. Popp, Rochester, Minn. I 
wish to congratulate Major Barner for his 
excellent paper on teratoma of the testis. He has 
emphasized the necessity of early diagnosis and 
has pointed out the possibility of incorrect 
diagnosis and the inadequacy of present classifi- 
cations of testicular tumors. I think all of us 
have difficulty in trying to place the various 
testicular tumors in certain categories. 

At the Mayo Clinic we use as a working basis 
a rather simplified classification of tumors of 
the testis which seems to be workable from a 
clinical standpoint. This classification briefly 
consists of 

1. Seminoma or adenocarcinoma of Chevassu, 
grade 4; 

Adenocarcinoma, grades I to 4; 
Teratoma; 

Mixed seminoma and teratoma, and 
Unusual testicular tumors such as fibro- 
sarcoma. 

Our statistics are based on results in the in- 
dividual groups, and the range of sensitivity to 
irradiation is in keeping with the pathologic 
classification. In other words, seminoma is most 
sensitive; adenocarcinoma moderately sensi- 
tive; and teratoma, and mixed seminoma and 
teratoma are least radiosensitive. 

The general plan of treatment recommended 
by Major Barner is much the same as that 
which we follow in the handling of testicular 
tumors. There are two exceptions to his general 
plan. First, we irradiate the abdomen through 
four anterior and four corresponding posterior 
fields, the mediastinum through anterior and 
posterior fields and the left supraclavicular re- 
gion through one field. These fields are used re- 
gardless of whether metastatic involvement is 
found. Second, we use voltages in the range of 
130 kv. rather than in the range of 200 kv. 

As Major Barner has pointed out, the pos- 
sibility of cure is greater in those cases of testic- 
ular tumor in which early diagnosis and 
surgical removal are followed by thorough 
roentgen treatment as soon as feasible after 
operation. 
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ATYPICAL ESOPHAGEAL DISPLACEMENT WITH 
LEFT ATRIAL DILATATION* 


WITH NOTES ON RHEUMATIC AORTITIS 
By BERNARD S. EPSTEIN, M.D. 


BROOKLYN, NEW YORK 


ISUALIZATION of the esophagus with 

barium paste is necessary for examining 
the left atrium and the aorta in cardiac 
roentgenoscopy. Normally the barium-filled 
esophagus appears as a straight tube behind 
the trachea, indented on its left antero- 
lateral aspect by the transverse thoracic 
aorta and immediately beneath by the left 
main bronchus and the pulmonary artery. 
The aortic indentation in the esophagus is 
called the “aortic bed,” and the normal 
diameter of the transverse thoracic aorta 
at this level is approximately 3 cm. The 
esophagus then proceeds straight down, 
sloping slightly forward and to the left in 
front of the descending thoracic aorta and 
behind the left atrium to the diaphragmatic 
hiatus. Usually the lowermost part of the 
left atrium cannot be differentiated roent- 
genologically from the subjacent small por- 
tion of the right atrium. The esophagus 
maintains its relationship to the aorta by 
its adventitial coat of loose areolar fibrous 
tissue which merges with the aortic ad- 
ventitia. 

By far the most common cause of left 
atrial enlargement is mitral valve disease. 
Left atrial enlargement usually produces an 
impression in the esophagus which roughly 
parallels the degree of its dilatation. The 
first manifestation may be but a slight 
concavity in the esophagus visible only in 
the right anterior oblique projection. This 
may precede any change in the frontal pro- 
jection of either the heart or the esophagus.* 
As enlargement progresses the arcuate im- 
pression in the barium-filled esophagus in- 
creases, concomitant with deviation of the 
esophagus towards the right in the later 
stages. By this time teleroentgenographic 
examination may show the classical changes 


in the heart contour associated with mital 
valve disease. 

The roentgenologic appearance of the 
esophagus due to left atrial enlargement 
seen in the right anterior oblique projection 
may be simulated by the esophageal dis- 
placement due to aortitis accompanying 
hypertension and arteriosclerosis in elderly 
individuals. This occurs when there is suf- 
ficient elongation and tortuosity of the 
aorta and is best demonstrated in patients 
with kyphosis of the thoracic spine. 
Schwedel™ pointed out that a diagnosis of 
left atrial enlargement should not be made 
in these patients without first examining 
them in the posteroanterior and left an- 
terior oblique positions. If the esophageal 
displacement is due to aortitis the curva- 
ture will be to the left and posteriorly, 
closely following the transverse and de- 
scending thoracic aorta, while left atrial 
dilatation shifts the esophagus posteriorly 
and towards the right. 

Rigler® also mentioned the effect of 
aortitis on the position of the esophagus 
and discussed its application to the diag- 
nosis of aortic aneurysm. We have re- 
peatedly confirmed his observations as to 
the displacement of the esophagus by 
aneurysms of the transverse and descending 
thoracic aorta, and have also noted that in 
some patients with relatively early syphilit- 
ic aortitis lacking convincing change in 
the frontal configuration of the aortic arch 
there may be a deepening of the aortic bed 
by the slight posterior displacement of the 
esophagus as it passes the transverse thorac- 
ic aorta. This may be confirmed by exami- 
nation in the left anterior oblique position, 
which shows apposition of the esophagus to 
the posterior inferior portion of the trans- 


* From the Roentgenologic Service of M. G. Wasch, M.D., The Jewish Hospital of Brooklyn, Brooklyn, N. Y. 
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verse thoracic aorta. The reason for this 
change we believe may be syphilitic aortitis 
resulting in aortic-eosphageal adhesions. 
We regard this observation as a possible 
aid in the diagnosis of early syphilitic 
aortitis, and worthy of further study. As a 
rule, the amount of esophageal displace- 
ment with syphilitic aortitis is insufficient 
to present any difficulty in the differential 
diagnosis of left atrial dilatation.” 

One etiologic agent which may result in 
aortitis in children and adolescents as well 
as in adults is rheumatism. Rheumatic 
aortitis was first clearly described by 
Klotz’ and was further investigated by 
Pappenheimer and VonGlahn’® and ty 
Gross.> Boyd! commented that there was 
little doubt that rheumatic aortitis occurred 
in nearly every if not every case of rheu- 
matic heart disease. Changes due to 
rheumatism have also been described in the 
coronary and pulmonary arteries and the 
peripheral circulation.‘ | 

As a rule, the histopathologic changes 
from rheumatic aortitis are less marked 
than those associated with other forms of 
aortitis. Gross inspection of the organs may 
show only slight changes, but micro- 
scopically a well marked picture frequently 
presents itself. Flame-shaped scars have 
been described as common in the media, 
particularly about the nutrient vessels. 
These cicatrices are dense and acellular 
and have been interpreted as healed or 
healing lesions. Aschoff bodies and isolated 
Aschoff cells have been identified in the 
adventitia and the media.® Intimal changes 
comparable to those described in the left 
atrial endocardium by MacCallum* have 
been reported by Pappenheimer and Von- 
Glahn. These consist of small, glistening, 
translucent ridges or plaques, either round 
or oval in shape, which are pale brown in 
contrast to the dull, opaque orange-yellow 
atheromatous lesions or the gray, glisten- 
ing, wrinkled plaques of syphilitic aortitis. 
In arrangement and staining reaction the 
cells which form the plaques are identical 
with those so characteristically present in 
the atrium. The medial lesions encountered 
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under the plaques are diffuse. The most 
striking change is a complete loss of muscle 
cells over large areas so that only the col- 
lagen and elastic fibers persist. Actual rup- 
ture or fragmentation may be seen in 
places. Towards the outer third of the 
media perivascular lesions having the char- 
acteristics of Aschoff bodies may be pres- 
ent.” In the adventitia a diffuse increase in 
the connective tissue has been described 
with hyalinization, thickening of the walls 
of the small arteries and arterioles and ec- 
centric thickening of the veins.2 Acute 
inflammatory changes have also been re- 
ported in the adventitia." 

No mention is made of aortic-esophageal 
adhesions in the reports reviewed. Never- 
theless, the presence of an inflammatory 
reaction in the adventitia indicates the 
probability of such adhesions. In this way 
rheumatic aortitis when sufficiently exten- 
sive may result in the same aortic-esophag- 
eal adhesions as occur with hypertensive, 
arteriosclerotic or syphilitic aortitis. In the 
event that these adhesions are sufficiently 
strong before left atrial enlargement takes 
place, it might be anticipated that subse- 
quent dilatation of that chamber would not 
deviate the esophagus in the usual manner. 
This, then, would be one circumstance in 
which left atrial enlargement would not be 
accompanied by the expected displacement 
of the esophagus posteriorly and to the 
right. 

During the past eight years we have en 
countered 6 patients with rheumatic mitral 
and aortic valve disease who had left 
atrial enlargement of an advanced degree 
without the expected pattern of esophageal 
deviation. During this time over 3,000 pa- 
tients were examined roentgenoscopically, 
and approximately one-third of them had 
organic heart disease. Roentgenoscopically 
and roentgenographically there was no 
doubt as to the posterior bulge of the left 
atrium and its approach to the right cardiac 
border. The barium-filled esophagus was 
displaced posteriorly and to the left in the 
6 patients reported here, so that its shadow 
in the right anterior oblique position pre- 
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sented as a relatively straight line passing 
well in front of the left atrial bulge. 

The youth and clinical history of 3 of 
these eliminated hypertension, arterio- 
sclerosis or syphilis as the etiologic factor 
for the aortic-esophageal adhesions. The re- 
maining 3 were adults who presented 
classical pictures of advanced rheumatic 
heart disease with mitral and aortic valve 
involvement. 


Bernard S. Epstein 
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Fic. 1. Case 1. 4, teleroentgenogram show- 
ing marked cardiac enlargement and 
deviation of the barium-filled esophagus 
to the left. B, right anterior oblique 
roentgenogram of the esophagus reveal- 
ing posterior bulge of the left atrium. 
The esophagus passes well in front of the 
posterior margin of the left atrium. C, 
left anterior oblique roentgenogram of 
the esophagus showing posterior displace- 
ment of the esophagus which is in contact 
with the posterior portion of the trans- 
verse thoracic aorta and the descending 
thoracic aorta. 


REPORT OF CASES 


Case 1. G. Y., male, aged ten, had rheumatic 
fever at the age of five years. Cardiac involve- 
ment appeared one year later. Since then he has 
had several episodes of rheumatic activity 
with congestive heart failure requiring pro- 
longed bed rest and diuretics. There were fre- 
quent brief attacks of precordial pain and 
orthopnea. His activity had to be markedly re- 
stricted at all times. 


se 


a t 
a 
—— sof 
4 


VoL. 54, No. 3 


Physical examination revealed the heart to 
be enlarged to the left. The heart sounds were 
rapid, of fair quality, and regular. Blowing 
systolic and diastolic murmurs were present 
over the entire precordium. Blood pressure was 
115/0. The radial pulse was of the Corrigan 
type and pistol-shot sounds were heard over the 
femoral arteries. Electrocardiographic examina- 
tion revealed the auriculoventricular conduc- 
tion time to be 0.22 second. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest showed considerable 
cardiac enlargement with straightening of the 
pulmonary artery and conus segment of the left 
heart border. The aortic knob was inconspicu- 
ous, but the aortic pulsations were increased in 
amplitude. The left ventricle was enlarged 
downward, posteriorly and to the left. Con- 
siderable anterior prominence of the right 
ventricle was present. 

The barium-filled esophagus was drawn pos- 
teriorly and to the left as seen in the antero- 
posterior and left anterior oblique views. In the 
right anterior oblique position there was a 
marked posterior bulge of the left atrium. The 
barium-filled esophagus passed in front of the 
left atrial bulge as a relatively straight line. 


Comment. Even though there was 
marked left atrial dilatation the barium- 
filled esophagus was shifted posteriorly and 
to the left, closely following the transverse 
and descending thoracic aorta. The most 
satisfactory explanation for the atypical 
position of the esophagus in this case would 
be the presence of rheumatic aortic- 
esophageal adhesions which prevented the 
expected esophageal displacement. 


Case 11. S. B., male, aged nine, had rheumatic 
fever at the age of four years. An apical systolic 
murmur transmitted to the axilla was heard at 
that time, and prolongation of the auriculoven- 
tricular conduction time to 0.22 second was 
found on electrocardiographic examination. One 
year later he had a second episode with joint 
pains, epistaxis and precordial pain. Double 
mitral and aortic murmurs were heard at that 
time. He required hospitalization for about 
eight months. One year after his discharge he 
was again hospitalized because of episgastric 
pain, precordial pain, vomiting, fever and in- 
creasing pallor. Classical findings of double 
mitral and aortic valve disease were found on 
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examination. The blood pressure then was 
110/50. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest revealed marked enlarge- 
ment of the left ventricle downward and pos- 
teriorly. The right ventricle was enlarged an- 
teriorly. The pulmonary artery and conus arc 
of the left heart border was convex, and the 
aortic knob was small. The left atrium was 
markedly enlarged posteriorly, and protruded 
far into the posterior mediastinum as seen in 
the right anterior oblique position. On an over- 
penetrated posteroanterior teleroentgenogram, 
the left atrium could be seen close to the right 
heart border. The barium-filled esophagus was 
displaced to the left and posteriorly in close 
proximity to the aorta, and in the right anterior 
oblique position was seen to pass well in front 
of the bulge of the left atrium. The pulsations 
of the heart and aorta were exaggerated, and 
the increased amplitude of pulsation was re- 
flected in the motions of the esophagus observed 
roentgenoscopically. 


Comment. The atypical position of the 
esophagus in the presence of advanced left 
atrial dilatation may best be ascribed to the 
presence of rheumatic aortitis and aortic- 
esophageal adhesions. 


Case ut. H. B., male, aged seventeen, first 
had rheumatic fever at the age of eleven years, 
with migratory joint pains, followed by dysp- 
nea, palpitation, fever and precordial pain. He 
required hospitalization for several months and 
following this was able to get about with 
moderate restriction of activity. 

Physical examination revealed a_ heaving 
apical impulse in the sixth left intercostal space 
in the anterior axillary line. Loud blowing 
systolic and diastolic murmurs were heard over 
the apex and base of the heart. The blood pres- 
sure was 160/80. 

Roentgenoscopic and roentgenographic ex- 
amination of the heart revealed advanced car- 
diac enlargement with straightening of the left 
cardiac border. The left atrium was markedly 
dilated, protruding far into the posterior 
mediastinum and extending toward the right 
to form the upper two-thirds of the right heart 
border. The barium-filled esophagus was shifted 
to the left and posteriorly in close proximity to 
the aorta. The aortic knob was small, but its 
activity observed roentgenoscopically was hec- 
tic and the motion was transmitted to the 
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esophagus. There was elevation and slight 
compression of the left main bronchus. 


Comment. The atypical position of the 
esophagus in the presence of advanced left 
atrial dilatation suggests the presence of 
aortic-esophageal adhesions. 

Case iv. R. W., female, aged thirty-four, 
first had rheumatic fever at the age of twenty- 
four, and was informed of cardiac involvement 
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Fic. 2. Case u. 4, overexposed teleroent- 
genogram revealing marked enlargement 
of the heart. The upper two-thirds of 
the right heart border is formed by the 
left atrium. The barium-filled esophagus 
is drawn to the left. B, right anterior 
oblique roentgenogram of the esophagus. 
The esophagus passes in front of the 
bulge of the enlarged left atrium. C, left 
anterior oblique roentgenogram showing 
posterior displacement of the esophagus. 


four years later. Since then she has become 
progressively more dyspneic and has had 
several episodes of congestive heart failure. At 
first these were mild and responded readily to 
bed rest and digitalis. Later mercurial diuretics 
were required. She was admitted to the hospital 
in acute decompensation. The blood Wasser- 
mann reaction was negative. 

Physical examination revealed the heart to 
be enlarged to the left. Long, loud blowing 
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systolic and diastolic murmurs were heard over 


the entire precordium. The liver was enlarged 
and tender. The blood pressure was 120/70. 
She was followed for the next two years in the 
out-patient department, always in mild conges- 
tive failure. 


Kig. 3. Case tv. 4, teleroentgenogram 
showing diffuse cardiac enlargement. 
The left atrium forms the upper portion 
of the right heart border. The barium- 
filled esophagus is drawn to the left. B, 
right anterior oblique roentgenogram of 
the esophagus. The esophagus passes in 
front of the bulge of the left atrium. 
Note the anterior prominence of the right 
ventricle. C, left anterior oblique roent- 
genogram showing posterior displace- 
ment of the esophagus. 


Roentgenoscopic and roentgenographic ex- 
amination of the heart when she was ambula- 
tory revealed marked cardiac enlargement, the 
heart shadow assuming the appearance as- 
sociated with aortic and mitral valve disease. 
The aortic knob was inconspicuous. On the 
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overpenetrated teleroentgenogram the left 
atrium could be seen forming the upper third of 
the right heart border. In the right anterior 
oblique position the left atrium bulged far into 
the posterior mediastinum. The barium-filled 
esophagus was shifted to the left and posteriorly 
closely approximated the transverse thoracic 
and descending aorta, and in the right anterior 
oblique position it passed well in front of the 
bulge of the left atrium. 


Comment. The atypical! position of the 
esophagus with advanced left atrial dilata- 
tion indicates the possibility of aortic- 
esophageal adhesions. 

Case v.S. B., female, aged forty-six, first had 
congestive heart failure with dyspnea, palpita- 
tion and peripheral edema at the age of thirty. 
She had been unaware of heart disease until that 
time. Since then there had been several episodes 
of acute congestive heart failure which re- 
sponded to prolonged bed rest and diuretics. 
Loud blowing systolic and diastolic murmurs 
were heard over the entire precordium, and 
auricular fibrillation was present. The blood 
pressure was 110/60. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest showed the heart to be 
globular in shape and considerably enlarged. 
The aortic knob was inconspicuous. The left 
auricle was markedly enlarged, protruding into 
the posterior mediastinal space. The barium- 
filled esophagus was deviated to the left and 
posteriorly, following the transverse thoracic 
and descending thoracic aorta, which was 
moderately elongated and tortuous. Calcifica- 
tions could be seen roentgenoscopically in the 
mitral valve leaflets. 


Comment. This patient presents classical 
findings of double mitral and aortic valve 
disease with advanced left atrial dilatation. 
The esophagus is closely apposed to the 
aorta indicating aortic-esophageal adhe- 
sions which prevent the expected posterior 
and dextroposition of the esophagus. The 
tortuosity of the descending thoracic aorta 
is interesting because it indicates the super- 
imposition of degenerative changes incident 
to middle life on the supposed rheumatic 
aortitis. The aortic-esophageal adhesions 
must have been established before the left 
atrial dilatation of the tortuosity of the 
aorta appeared. 


Bernard S. Epstein 
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Case vi. M. C., male, aged fifty-nine, had no 
known history of rheumatic fever. He had been 
aware of his cardiac condition for more than 
thirty-five years. There had been episodes of 
dyspnea; orthopnea and peripheral edema 
which responded to bed rest and diuretics for 
many years. Auscultation revealed systolic and 
diastolic murmurs over the apex and base in- 
dicative of double mitral and aortic valve dis- 
ease. The blood pressure was 130/85. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest revealed marked en- 
largement of the left ventricle to the left and 
downward, with straightening of the left cardiac 
border. The upper third of the right heart 
border was formed by the left atrium, which 
could be seen protruding far into the posterior 
mediastinal space in the right anterior oblique 
position. The barium-filled esophagus passed 
well in front of the bulge of the left atrium. In 
the posteroanterior view the esophagus was 
deviated towards the left, following the descend- 
ing thoracic aorta. Slight elongation and early 
dilatation of the aortic knob, with calcified 
plaques, was present. The aortic bed measured 
3-3 cm. in diameter. Calcifications in the mitral 
and aortic leaflets were identified roentgeno- 
scopically. 


Comment. The aortic-esophageal adhe- 
sions prevented the usual displacement of 
the esophagus noted with advanced left 
atrial dilatation. Degenerative arterio- 
sclerotic changes were present in the aorta. 


SUMMARY 


The displacement of the esophagus usual- 
ly associated with left atrial dilatation is 
posteriorly and toward the right. In six pa- 
tients reported here with advanced left 
atrial dilatation associated with rheumatic 
mitral and aortic valve disease the esophag- 
eal displacement was toward the left and 
posteriorly, closely following the transverse 
thoracic and descending thoracic aorta. It 
is suggested that this uncommon atypical 
position of the esophagus is due to aortic- 
esophageal adhesions, and the possibility of 
these being on a rheumatic basis is dis- 
cussed. 


1398 Union St., 
Brooklyn 13, N. Y. 
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ANOMALOUS RIGHT SUBCLAVIAN ARTERY* 


By MAJOR BENJAMIN COPLEMAN 
Medical Corps, Army of the United States 


N ANOMALOUS right subclavian ar- 
tery is seldom seen in the dissecting 
room. Anson! found 3 cases in 102 labora- 
tory specimens, and Goldbloom’ discovered 
4 specimens among 225 bodies. The inci- 
dence in Dolgopol’s series’ was 0.7 per 
cent. Occasional cases, found at autopsy or 
in the dissecting room, have been reported 
by others.?:!°-8 That this anomaly is not 


Right Subclavian 
Artery 


Fic. 1. Normal development (after Renander"). 
The vessels which persist are in solid black. The 
ventral root of the right fourth branch forms the 
innominate artery. The proximal part of the right 
subclavian artery is formed from the arch of the 
right fourth branch; the distal part of the sub- 
clavian artery is formed from the proximal part of 
the right dorsal aorta. The left fourth arch, its 
ventral root, and the left dorsal aorta form the 
aortic arch. 


rare may be judged from the fact that Holz- 
apfel® found over 200 specimens up to 1899. 
It is unusual, therefore, that it has not 
been seen with comparative frequency dur- 
ing life. The roentgenologic diagnosis of 
this condition in the living patient has been 
reported twice by Dahm‘ and once each by 


Giinsel* and Kommerell.!! Two cases re- 
ported by Saupe were reviewed by Renan- 
der who believes that they are correctly 
classified as cases of right aortic arch rather 
than as the anomaly under discussion. In 
view of its rarity in the literature, it is felt 
desirable to review the embryology and 
anatomy of this anomaly, and to record 
another case in which the diagnosis was 
made during life. 

It will be recalled that in the embryo at 
five weeks there are six pairs of vessels con- 
necting the ventral and dorsal paired 
aortae. Of these, the ventral root of the 
right fourth arch forms the innominate ar- 
tery (Fig. 1). The arch of the right fourth 
branch makes up the proximal part of the 
subclavian artery; the distal part of the 
subclavian artery is formed from the right 
dorsal aorta. The left fourth arch and its 
ventral root form the aortic arch. 

Abnormally, however, the right sub- 
clavian artery may develop from the distal 
portion of the right dorsal aortic root as an 
offshoot from the adult ascending aorta 
(Fig. 2). The remnant of the dorsal aortic 
root may persist as a diverticulum. The 
anomalous artery frequently springs from 
this diverticulum, as evidence of which 
Holzapfel found the site of origin to be 
dilated in 33 of 55 cases. 

On occasion, the aortic arch may be 
formed from the right fourth branch and 
the left subclavian artery from the left 
fourth branch (Fig. 34). This is, in effect, 
a “mirror image” of the normal develop- 
ment of the aorta and the right subclavian 
artery. Still another anomaly may result 
when the left subclavian arises from an 
anomalous right aortic arch. This form 
(Fig. 3B), probably the rarest, is a “mirror 
image” of the normal aorta and an anoma- 
lous right subclavian artery. 


* From the Roentgenology Service, Lovell General Hospital, Fort Devens, Massachusetts. 
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In most of the anatomic specimens Dahm 
has found that the anomalous artery arises 
from the arch, and only rarely from the 
descending aorta. Its site of origin is most 
often the posterior aspect, and only rarely 
the superior wall of the aorta. Since the 
anomalous artery arises on the left as the 


D Left Subclav. art 
Anomalous Right 
subclavian Artery 


Kic. 2. Abnormal development (after Renander"'). 
The right subclavian artery may develop from the 
distal portion of the right dorsal aortic root, as an 
offshoot of the adult aorta. The remnant of the 
dorsal aortic root may persist as a diverticulum 
which frequently gives origin to the anomalous 
vessel (see inset). Note the relationship of the 
esophagus to the anomalous vessel. 


fourth, rather than as the first or part of 
the first main trunk, it must cross the spine 
to reach the right arm (Fig. 4). It usually 
runs between the esophagus and the spine, 
to which it may be adherent. This relation- 
ship to the posterior and left side of the 
esophagus is most important since it pro- 
vides the only clue by means of which the 
diagnosis may be made in vivo. Occasion- 
ally, however, the anomalous vessel crosses 
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anteriorly to the esophagus, and rarely, 
even anterior to the trachea. Since the site 
of origin of the subclavian artery is lower 
than the origin of the brachial artery, its 
course is therefore also upwards, as well as 


Fic. 3. Other abnormalities of development. 4, oc- 
casionally, the aortic arch may be formed from the 
right fourth branch, and the left subclavian artery 
from the left fourth branch. This is a “mirror 
image” of the normal development of the aorta 
and the great vessels. B, the rarest anomaly is that 
which results when the left subclavian artery 
arises from an anomalous right aortic arch. This 
is a “mirror image’ of the normal aorta and an 
anomalous right subclavian artery. 


to the right, behind the esophagus. It may 
cross the spine anywhere from the level of 
the sixth cervical to the fourth thoracic 
vertebra. 
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Krom a study of specimens Dahm states 
that the dilatation of the beginning of the 
artery (diverticulum of the aorta) may ex- 
tend to the right side of the esophagus and 
even beyond. In one of his cases (Fig. 7, 
Case 2) the course of the esophagus was so 
altered that it resembled an “‘S” in reverse. 
One anatomic specimen indicated that it 


Trachea 


Esoph. 


anomalous 
Right 


Artecy 


L 


View from in front 


Fic. 4. Sketch of an anatomic specimen (semi- 
diagrammatic). The anomalous right subclavian 
artery, in solid black, arises from the aorta as the 
last main branch; it courses towards the right be- 
hind the esophagus. 


would cause an impression on the esopha- 
gus posteriorly and to the left instead of to 
the right. 

Another important anomaly occurs in as- 
sociation with that of the artery. The recur- 
rent laryngeal nerve on the right passes di- 
rectly to the laryngeal structures instead of 
hooking about the subclavian artery. This, 
and the rare case in which the subclavian 
artery crosses anterior to the trachea, may 
be a source of anxiety to the surgeon during 
the course of a thyroidectomy. 

Patients with right subclavian artery 
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anomaly occasionally complain of dys- 
phagia, although there is usually no eso- 
phageal obstruction (dysphagic lusoria). 
Because of pressure on the artery, there may 
be inequality of the radial pulses. It is pos- 
sible that the symptoms produced may be 
similar to those of the scalenus syndrome. 
In a case reported by Kirby'® the anoma- 
lous artery was perforated by a sharp bone 
piercing the esophagus. 


CASE REPORT* 

A white male, aged forty-six, was first seen 
by his doctor late one night complaining of 
severe burning and intermittent substernal pain 
of about two hours’ duration. There was radia- 
tion of the pain down both arms. He had no 
difficulty in swallowing. His past history was 
inconsequential. He was very restless and ap- 
prehensive, and appeared to be suffering se- 
verely with each attack of the intermittent 
pain. The only positive findings were a blood 
pressure of 180/100, and slight epigastric ten- 
derness. A quarter of a grain of morphine sul- 
fate brought no relief. He felt better the next 
morning; his blood pressure was then 110/80. 
His chest was strapped and this seemed to re- 
lieve him. The blood count and Wassermann 
reaction were normal. The patient refused to 
submit to an electrocardiographic examination, 
but requested that he be referred for an exami- 
nation of his stomach and duodenum. 

The heart and lungs were normal roentgeno- 
scopically. The aortic knob was in normal posi- 
tion and pulsated normally. On examination 
of the esophagus there was noted a groove-like 
defect on the posterior wall extending from just 
above the level of the aortic arch upwards and 
to the right. Roentgenograms made during the 
roentgenoscopic examination showed that the 
defect was due to external pressure and not to 
an intrinsic lesion (Fig. § and 6). The remainder 
of the examination was negative. 

The diagnosis of this condition during 
life without roentgenologic means is hardly 
possible. The roentgenologic demonstration 
depends, as mentioned above, on the ana- 
tomic relationship of the anomalous vessel 
to the esophagus. In its course posterior to 
the esophagus the anomalous artery indents 
this structure, and so provides the sole di- 


* Acknowledgment is made to Dr. H. B. Copleman for the 
case history. 
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agnostic clue. Only the very rare case in 
which the artery proceeds to the right in 
front of the esophagus or in front of the 
trachea will escape detection by roentgeno- 
logic means. 

This defect, in the cases reported, is con- 
cave to the left. Specimens have been 
noted! in which the esophageal indentation 
would have been to the right. The defect is 
usually situated just at or above the level 
of the aortic arch. Here again, the variation 
in the specimens is such that a defect may 
be produced at the level higher or lower 
than that of the aortic arch. 

The shape of the defect in the posterior 
aspect of the esophagus may be a segment 
of a circle with a diameter of about } to 1 
inch. The larger pressure defects are prob- 
ably due to the dilated portion (aortic di- 
verticulum) from which the artery origi- 
nates. This type of defect was present in 
the cases reported by Kommerell, Ginsel 
and in Dahm’s first case (Fig. 7). In Dahm’s 


Fic. 5. Posteroanterior view of chest with barium in 
esophagus (retouched). Groove-like defect (black 
arrows) in the barium-filled esophagus, which ex- 
tends from the level of the aortic arch (white 
arrow) upwards and to the right. 
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Fic. 6. Right oblique projection (spot roentgeno- 
gram) of barium-filled esophagus. Pressure defect 
on the posterior of the esophagus. 


second case, the esophagus took the course 
of an “S” in reverse. The lower defect, 
concave to the left, was larger than the 
upper, concave to the right, and was prob- 
ably produced by the dilated diverticulum. 
The upper defect was probably produced 
by the anomalous artery itself. In the new 
case which is presented, the defect extended 
from the aortic arch obliquely upwards and 
to the right, and was probably produced by 
pressure of the anomalous artery directly 
on the esophagus. 

In spite of the absence of operative or 
autopsy proof, the evidence in favor of this 
diagnosis seems incontrovertible after a 
comparison with the cases and anatomic 
specimens published in the literature. 

The esophageal defect produced by a 
right aortic arch is almost the same as that 
described for the anomalous right sub- 
clavian artery. The aortic anomaly dis- 
places the esophagus to the left and ante- 
riorly (Fig. 8). The demonstration of a 
normally pulsating aortic arch, which is not 
in contact with the esophageal defect, at 
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Fic. 7. Tracings of the course of the esophagus in each of the 4 cases reported in the literature, in which the 
diagnosis was made during life. 


the left side of the vertebral column, must 
be made in order to arrive at the true diag- 
nosis. This set of conditions was observed 
in the case reported above. 

Lesions of the mediastinal lymph nodes 
must also be excluded in the differential 
diagnosis. It is conceivable that a destruc- 
tive lesion of the vertebrae with formation 
of a soft tissue mass anteriorly may pro- 


duce a similar, but non-pulsating, defect 
in the esophagus. 
SUMMARY 

The embryology and anatomy of anoma- 
lous right subclavian artery are described. 
The literature is reviewed and the roent- 
genologic diagnosis discussed. A case show- 
ing the characteristic roentgenologic sign 
described in the literature is presented. 
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Fic. 8. Right aortic arch. 4, right oblique view; B, posteroanterior view; C, left oblique view. The defect in 
the barium-filled esophagus, as seen in the oblique projections, is due to pressure from behind, and is 
similar to the defect produced by an anomalous right subclavian artery. Note, however, that in the 
posteroanterior projection the esophagus is characteristically on the left side of the anomalous aortic arch. 
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ROENTGENOLOGICAL DIAGNOSIS OF BENIGN 
TUMORS (SINGLE POLYPS) OF THE COLON 


By FRANZ J. LUST 


NEW YORK, NEW YORK 


ENIGN tumors of the colon are com- 

paratively rare. Lawrence found that 
polyps occurred in 2.3 per cent of 7,000 
autopsies. Compared with this frequency 
the roentgenological literature shows an as- 
tonishing scarcity of reports of such cases. 
While reporting such a case we would like 
to discuss the reason why these lesions are 
so infrequently reported in the roentgeno- 
logical literature. 

A search of the recent literature and of 
such textbooks as those by Golden, Schinz, 
Assmann, Stierlin and Chaoul, Chaoul and 
Adams, H. H. Berg, Maingot-Sarasin- 
Duclos, Feldman, Bargen and the recently 
published work by Bockus fails to reveal 
roentgenograms of solitary, benign ade- 
nomas of the colon. Rankin, Bargen and 
Buie show a case of a polypoid mass in the 
cecum, which turned out to be a fibroma. 
The only book, as far as we know, which 
contains a roentgenogram of this condition 
is that by Buckstein. This book contains 2 
cases of polyps of the colon. 

Polyps of the colon are reported in the 
publications of Weber, Gilbert and Kad- 
rnka, Schatzki, Root, Jenkinson and Was- 
kow and also Kennedy, Dixon and Weber. 

These are the important signs which 
should make one search for the presence of 
intestinal polyps: (1) bleeding from the 
rectum; (2) intestinal obstruction: 

Bleeding from the intestinal tract is al- 
ways an alarming symptom. Most of the 
polyps are very vascular and therefore 
easily damaged by hard fecal matter. 
Bleeding is frequently the first symptom. 
The second symptom is that of partial in- 
testinal occlusion. Polyps, like malignant 
tumors, often form the head of an invagi- 
nated portion of the bowel. Such cases are 
reported by Schatzki and others. The clini- 
cal symptoms are the same in malignant 
and benign tumors. The signs of partial 


9 


obstruction or invagination are in the fore- 
ground; its mechanical results overshadow 
every other symptom. The indication for 
surgical intervention is obvious. Benign 
tumors are rarely so large as to effect com- 
plete occlusion of the lumen of the bowel. 
There have been no reports with respect to 
such complete occlusion as far as we know. 

What other symptoms would lead us to 
suspect a polyp of the large intestine? These 
tumors give no characteristic sign which 
could not also be found in a malignant 
tumor. However, there is one symptom, 
in our experience, which might cause us to 
look for a pedunculated tumor. We found 
in our first case, as in a similar case of a 
pedunculated carcinoma, the following 
complaints: The patient experienced no 
pain except after the intake of laxatives or 
cleansing enemas. This symptom is prob- 
ably due to the fact that the peristaltic 
waves of the colon try to transport the 
polyp caudally and, in doing so, are exert- 
ing a pull on the colonic wall at the site of 
the attachment of the tumor. These pains 
are cramplike and can easily be confused 
with any localized spasm of the colon, 
which may be caused by many different 
conditions. In our case the pains were 
localized in the right hypochondrium. The 
patient, in fact, came for treatment of an 
“inflammation of the gallbladder.’’ How- 
ever, after ruling out any pathological con- 
dition of the gallbladder a roentgenological 
study of the colon was undertaken. The 
localization of the pains could easily have 
been caused by disease of the gallbladder, 
as the patient was slender and there was the 
possibility of a low position of the gall- 
bladder. 

The best method to find a_ polypoid 
growth of the colon (unless it can be reached 
by the proctoscope) is by enema. Barium 
given by mouth is very frequently mixed 
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with fecal matter when it reaches the colon. 
Therefore, unless a very large tumor or a 
tumor heading an invagination is present, 
it is practically impossible to differentiate 
between a pathological mass and _ fecal 
matter. 

The complete filling of a colon by the 
usual barium enema usually outlines the 
entire viscus to such an extent that the 
tumor is not visible. Jenkinson and Waskow 
use a compression device and visualize the 
tumor by this means. This entails very 
careful roentgenoscopy as some of the 
polyps are very small. Another method is 
that of air insufflation into the colon after 
evacuation of the contrast enema. There is 
no question that this method has its defi- 
nite value as Buckstein, Root, and Brust 
have demonstrated. ““The tumor,” says 
Root, “is quite prominent after the air in- 
jection, however, since it is coated with 
barium and is seen against the dark back- 
ground produced by the air.’ 

In previous publications with Jacobi, I 
have recommended the study of the mucous 
membrane by special attention to the 
mucosal pattern in searching for patho- 
logical conditions of the colon. In these 
papers we have fully discussed our method 
which is based upon the fundamental 
studies of Forssell and Berg. Essentially the 
mucosa of the colon after evacuation of a 
barium enema has a very definite appear- 
ance. There is a regular pattern of folds, 
especially in the transverse colon; a pattern 
which is based on a sequence of longitudinal 
and transverse folds. The folds have a cer- 
tain amount of variation. However, they 
never have any similarity to a tumor mass. 
Any abnormality of the mucosal pattern 
should arouse the attention of the ex- 
aminer. In cases of polyps, the regularity 
of the mucosal pattern is suddenly inter- 
rupted. The tumor appears like a cherry or 
a plum in the axis of the colon. As these 
tumors have a lobulated surface, the bari- 
um is retained in its folds and therefore 
outlines the contour of the polyp. For the 
further study of these tumors a compression 
device must be used. It would be rather 


wasteful to use 14 by 17 inch films, as long 
as the lesion is small. We take four expo- 
sures on an 8 by Io inch film under vary- 
ing angles and compression with trans- 
lucent cassettes, while the object is visible 
on a fluoroscopic screen (Fig. 3). This 
fluororoentgenography is a procedure which 
saves much material. 

The fluororoentgenographic device en- 
ables us to exert localized compression, a 
very important factor in the differential 
diagnosis. The only round shadow which 
might be confused with a polypdid mass is 
fecal matter. The localized compression 
may occasionally crush or disf6écate the 
barium-covered fecal matter during roent- 
genoscopy, whereas a polyp, Of course, 
does not disintegrate under our eyes. 


CASE REPORTS 


Case 1. Mrs. G., aged fifty, had been con- 
stipated for fifteen years. Appendectomy had 
been performed eighteen years before. For the 
last four years she had had pains in the middle 
of the right side of the abdomen. These pains 
had increased during the last two months and 
were supposed to be caused by an inflamed gall- 
bladder. The patient attributed her pains to 
“gas.” After taking cathartics the pains would 
radiate across the abdomen and would fre- 
quently be accompanied by a burning sensation. 
Occasionally, the pains radiated to the back, 
but subsided after the ingestion of food. The 
appetite was fair. The stools had never con- 
tained blood, but did contain mucus. Six 
months ago a sister of the patient had under- 
gone an operation for cancer of the sigmoid. 

The physical examination of the patient did 
not reveal any abnormalities with the excep- 
tion of a tenderness 2 inches below the region of 
the gallbladder. No masses could be felt. The 
liver was not enlarged and was definitely not 
connected with the local tenderness. 

The findings on roentgen examination were as 
follows: Stomach and duodenum were normal. 
Barium enema: The barium filled the entire 
colon without delay. The colon was of normal 
size, shape, and position (Fig. 1). No defects 
were visible. After evacuation a round polyp 
became visible in the right side of the trans- 
verse colon (Fig. 2 and 3). The gallbladder was 
well visualized after an oral Graham test and 
was normal in appearance. A diagnosis was 
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Fic. 1. Case 1. Single benign polyp of the transverse ig. 2. Case 1. Post-evacuation roentgenogram show- 
colon. Roentgenogram taken following barium ing single benign polyp of the colon. 
enema. 


Fic. 3. Case 1. Special views of a benign polyp of the transverse colon, 
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made of a polyp in the right side of the trans- 
verse colon. 

At operation (Dr. Ralph Colp) a peduncu- 
lated polyp was found in the transverse colon. 
The tumor was resected. The pathologist’s re- 
port revealed that the tumor mass was almost 
round and strawberry like in appearance, meas- 
uring 1.§ cm. in diameter. It was soft and fri- 
able, and dark red in color. The pedicle was 
short and measured only a few millimeters in 
length (this short pedicle may have been caused 
by formalin fixation). Microscopically, the 
tumor represented a typical adenomatous struc- 
ture (Fig. 4). The long, delicate papillae radi- 
ated from the center which was actually a part 
of the pedicle; the latter was made up of a 
fibrous connective tissue. The papillae were, 
for the most part, composed of single layers of 
regular cylindrical cells (Fig. 5). There were, 
however, areas of papillae composed of multiple 
layers of cylindrical cells with hyperchromatic 
nuclei and a moderate degree of cell atypism. 
Occasional mitoses, which were found in these 
areas, were not atypical. Their basement mem- 
branes were intact throughout. Pathological 
diagnosis: Pedunculated adenomatous polyp 
with moderate cell atypism. 


Fic. 4. Case 1. Photomicrograph of the single benign 
polyp of the transverse colon, 
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Fic. 5. Case 1. High power photomicrograph of the 
benign polyp. 


Case ul. This patient was a middie aged 
woman with indefinite abdominal complaints. 
There was no bleeding, no loss of weight. A 
barium enema revealed an irritable colon; no 
defects could be visualized. A study of the 
mucosa revealed a small polyp in the region of 
the rectosigmoid (Fig. 6). No further polyps 
could be seen in the remainder of the colon. 
Proctoscopy confirmed the diagnosis and the 
tumor was removed surgically. 


The greatest difficulty in the differential 
diagnosis of these single polyps is the pres- 
ence of fecaliths. We cannot impress too 
much on our patients that they should be 
well prepared for a colon examination. Only 
too often we are confronted with patients 
who did not follow our instructions. They 
either did not take a cleansing enema at 
home, or they took it improperly. Large 
carcinomas will show up especially when 
they are obstructive; however, smaller le- 
sions, like polyps, or mucosal changes in the 
different types of colitis, are impossible to 
evaluate correctly. This problem con- 
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Fic. 6. Case 1. Single benign polyp of the 
rectosigmoid. 


Fic. 7. C 


ase 11. No polyp but fecal matter. Post- 
evacuation roentgenogram. 
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fronted us at just about the time when we 
were dealing with the above reported case. 


Case 11. A middle aged woman complained 
of pains in the left lower quadrant. The history 
was somewhat indefinite. There was no bleed- 
ing, some loss of weight, constipation, and 
bloated feeling. The roentgen examination 
(barium enema) showed no pathological condi- 
tion on the roentgenogram taken after full fill- 
ing of the colon. However, after evacuation 
(Fig. 7) a round mass was found in the descend- 


Fic. 8. Case 11. No polyp but fecal matter. Roent- 
genogram taken after air insufflation. 


ing part of the colon, a mass which resembled 


the one seen in the previous case. Under roent- 


genoscopy, the mass could not be moved. Air 
was insuffated and another roentgenogram 
showed the round mass clearly defined against 
the background (Fig. 8), just as Root described 
it in polyps. After several days, a re-examina- 
tion of the colon failed to reveal any mass; the 
mucosa of the descending colon was clearly 
outlined and normal in appearance. 


This case shows the importance of care- 
ful preparation of the patient and the value 
of re-examination. The roentgenogram is 
only able to demonstrate the mass, but 
cannot reveal the nature of the mass. 
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SUMMARY 


The roentgenological diagnosis of single 
benign polyps in the colon is discussed. 
Cases of this type are comparatively rare in 
the literature, which is strange since they 
are not too rarely found at autopsy. Ap- 
parently they are so often missed because 
the roentgenological studies of the colon 
are not always performed under careful pre- 
liminary preparation of the patient. Most 
of these benign tumors are too small to ob- 
struct the lumen of the bowel and are gen- 
erally overshadowed by the complete filling 
of the colon with the barium. The study of 
the mucous membrane of the colon after 
evacuation is stressed. Air insufflation is 
advisable, but interpretation must be made 
cautiously, as is demonstrated by our case 
in which fecal material was adherent to the 
wall of the sigmoid, thus simulating a poly- 
poid tumor. In such cases, only re-examina- 
tion after careful preparation will enable 
one to avoid making an incorrect diagnosis. 
17 East 89th St., 

New York, N.Y. 
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ROENTGEN IRRADIATION IN THE TREATMENT OF 
MARIE-STRUMPELL DISEASE (ANKYLOSING 
SPON DYLARTHRITIS)* 

AN ANALYSIS OF 160 CASES 
By JAMES E. HEMPHILL, M.D. 


WINSTON-SALEM, NORTH CAROLINA 


and 


ROBERT J. REEVES, M.D. 


DURHAM, NORTH CAROLINA 


Ein encouraging reports of Smyth, 
Freyberg and Lampe,’ published in 
1941 on the roentgen treatment of rheuma- 
toid arthritis of the spine, offered definite 
hope for some relief in this resistant, chron- 
ic, and disabling condition. Roentgen 
irradiation, as they emphasized, has a 
place in the treatment of this disease. 

The purpose of this report is to present 
an analysis of 160 cases of Marie-Striimpell 
disease which were treated by deep roent- 
gen therapy in addition to the important 
orthopedic measures now employed by the 
Orthopedic Division of the Department of 
Surgery at Duke University Hospital. The 
therapy herein described was inspired by 
the publication of Smyth, Freyberg and 
Lampe, and is only a part of the measures 
now employed at Duke University Hospi- 
tal in the treatment of this disease. 

Kahlmeter,'® 1930, published one of the 
earliest convincing reports of the effects of 
irradiation on arthritis. Scott,’ in 1935, 
summarized 400 cases treated with roent- 
gen irradiation and mentioned general body 
irradiation as a method of therapy. In addi- 
tion to these workers, Sokolow, 1897; 
Moses, 1905; Dominici and Gy, 1907; 
Fried, 1934; Hellebrand, 1934; Toschke, 
1941, and Balnoch, 1941, all reported use 
of the roentgen ray in the treatment of joint 
disease. 

Marie-Striimpell disease is a chronic 
systemic disease of unknown etiology char- 
acterized by inflammatory changes in the 


synovial membrane and periarticular struc- 
tures of the sacroiliac and spinal joints, 
with remissions and exacerbations of sys- 
temic and local manifestations. There is not 
complete agreement that this is a true 
atrophic arthritis although the pathological 
picture is indistinguishable from it. Clini- 
cally, the disease appears to be a separate 
entity. The course is that of a progressive 
deforming arthritis unless correction and 
prevention of the deformities can be insti- 
tuted in time. Proper combined roentgen 
and orthopedic therapy offers a logical ap- 
proach to this ideal of treatment. 

Predisposing causes have been men- 
tioned including shock, fatigue, trauma, 
infection, exposure, heredity, and climate. 
However, the part these play in the disease 
has not yet been established. 

Systemic manifestations vary greatly, 
depending on the duration of the disease 
and other factors. Loss of weight, progres- 
sive emaciation, muscle atrophy, accelerated 
pulse, and secondary anemia may all be 
evident during the course of the disease. 
Blood sedimentation rate is always ele- 
vated and is a guide in follow-up. Blood 
urea, non-protein nitrogen, carbon-dioxide 
combining power, total fat, cholesterol, cal- 
cium, phosphorus, alkaline and acid phos- 
phatase determinations are normal. The 
basal metabolism and respiratory quotient 
are usually normal or only slightly altered. 

Local manifestations are evident in the 
joints first involved. Migratory low back 


* From the Department of Radiology, Duke University Hospital, Durham, North Carolina. Presented in part at the meeting of the 
North Carolina Radiological Society, Pinehurst, N.C., May 2, 1944; presented in full at the Joint Meeting of the American Roentgen 
Ray Society and the Radiological Society of North America, Chicago, III., Sept. 24-29, 1944. 
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pains, stittness, limitation of motion and 
muscle spasm are considered early symp- 
toms and may be present for years. Later, 
contractures, deformities, fibrous and bony 
ankylosis with atrophy of the neighboring 
muscles reveal an advanced stage of the 
disease. The local manifestations, like the 
systemic manifestations, tend to occur in 
episodes of remissions and exacerbations. 
The essential relentless progress of the un- 
treated patient presents an extreme change, 
not only in the joints of the spine and sacro- 
iliac joints, but also in the surrounding 
ligaments and periarticular structures. Not 
infrequently in advanced stages the hip 
joints, shoulders, and even the temporo- 
mandibular joints may become involved. 
Many variations of ankylosing spondyl- 
arthritis have been described. Marie- 
Striimpell disease characteristically begins 
in the sacroiliac joints and extends upward. 
“Spondylitis ankylopoietica,” ‘‘spondylitis 
ossificans ligamentosa,” “‘rheumatoid ar- 
thritis of the spine,” and “spondylitis de- 
formans” have been described in the litera- 
ture separately but may be considered from 
the roentgen therapy viewpoint as various 
stages of the same pathological process. 
Steinberg'® presented a most detailed 
description of the pathological changes in 
atrophic arthritis in which he demon- 
strated the active inflammation of the 
synovial membrane, capsule, and surround- 
ing soft tissue structures. The earliest 
change he found was marked proliferation 
of cells of the synovial membrane producing 
a layer of very vascular granulation tissue 
or pannus over the articular cartilage. With 
this alteration a similar active inflamma- 
tory process occurs, simultaneously, in- 
volving the connective tissue elements of 
the bone marrow below the articular car- 
tilage. This latter reaction extends through 
the zone of temporary provisional calcifica- 
tion and destroys the articular cartilage 
nearest the bone, while the pathological 
process evidenced by proliferated synovial 
membrane destroys the articular car- 
tilaginous surface. The result is that the 
articular cartilage is gradually destroyed 
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by the two granulations. These two layers 
of active granulation tissue have marked 
potentialities of forming fibrous and bony 
ankylosis. 

The clinical diagnosis of Marie-Striim- 
pell disease is usually not difficult in well 
established cases. The patient flexes his 
body at the hips. The lumbar curve is flat- 
tened and the dorsal curve is exaggerated. 
The chest is flat and rigid, its expansion 
being limited. Spasm of the back muscles is 
variable. Many patients complain of pain 
and stiffness in the hips or shoulders in 
additicn to the spinal symptoms. 

Prodromal symptoms include lassitude, 
anorexia, nervousness, accelerated pulse, 
low grade hyperpyrexia and loss of weight. 
The onset is gradual, as a rule, but tends to 
be more acute in the younger age groups. 
Most cases occur between the ages of 
twenty and forty-five. Seventy-seven per 
cent of this series were between twenty and 
thirty-nine years of age (Table 11). The 
body type may be asthenic or sthenic, but 
with the progress of the disease the patient 
appears more of the asthenic type. Sec- 
ondary anemia is frequently present and 
persists for a long time. The average hemo- 
globin in our series of cases was 70 per cent. 

Pain is usually the presenting complaint. 
It is commonly described as an “ache,” 
predominantly in the lower back and in- 
definitely localized in the early stages. Oc- 
casionally the pain is lancinating, radiating 
down the sciatic nerve, and may be brought 
on by movement. Typically, the pain 
varies, being worse in the morning, and 
may even awaken the patient early in the 
morning. The pain usually subsides during 
the day after protective muscle spasm 
limits the excursions of movements but it 1s 
definitely accentuated by fatigue and over- 
exertion. 

Stiffness is associated with the pain and 
becomes progressively worse and relentless 
except for occasional remissions. The stiff- 
ness, like the pain, is worse in the early 
morning, decreasing temporarily with mo- 
tion and activity during the day, and be- 
coming accentuated by fatigue. 
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Paravertebral muscle spasm is closely 
associated with the pain and stiffness, 
varying from day to day and usually being 
accentuated by motion. 

Decreased capacity for exertion is almost 
a constant finding and is dependent on the 
degree of pain, stiffness, and paravertebral 
muscle spasm. The limitation of motion of 
the spine varies from slight diminution of 
flexion, extension, lateral and circular 
movements to complete fixation or “‘poker 
spine.”” Eighty-five per cent of our cases 
showed a decrease in chest expansion. This 
may become so pronounced that the vital 
capacity of the lungs is greatly lowered. 

Increased sedimentation rate is usually 
present and with an altered Weltmann co- 
agulation band may be an indication of the 
stage of activity of the disease. The two 
combined are considered the best possible 
clinical laboratory evidence of the presence 
of an actively growing pannus. 

Leukocytosis may be present. About 50 
per cent of our cases showed elevated 
peripheral white blood cell counts. Some 
reported cases have shown elevated al- 
bumin-globulin ratio and positive agglu- 
tinations for hemolytic streptococcus. The 
urine shows no characteristic changes. 


ROENTGEN DIAGNOSIS 


During the earliest inflammatory stage 
of the disease roentgenograms may be 
negative. However, oblique 45 degree angle 
roentgenograms may show changes about 
the articular facets of vertebrae. The facets 
of the twelfth dorsal vertebra are frequently 
affected earlier than others. ; 

Usually the earliest detected changes 
are in the sacroiliac joints, and consist of 
decalcification and irregular trabeculation 
in the subchondral bone immediately ad- 
jacent to the joint space, with haziness and 
apparent widening of the joint space. The 
slight fragmentation of trabeculations as 
the marrow pannus develops gives pyknotic 
areas at the joint margins seen first along 
the lower half of the joint. The changes may 
be seen in one or both sacroiliac joints and 
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may also be found in the vertebral articular 
facets. 

Later changes are osteosclerosis of the 
subchondral bony margins, with destruc- 
tion of the articular cartilage, narrowing of 
the joint space and trabeculation across the 
joint space. Calcification of the ligaments 
producing bridging of the intervertebral 
discs with ankylosis of the spine occurs in 
the final stage of the disease. Forestier’ 
coined a distinguishing term “‘syndesmo- 
phyte” to apply to the bridging of verte- 
brae in Marie-Striimpell disease as con- 
trasted to the “‘osteophyte’’ of degenerative 
arthrosis. Early roentgen changes are easily 
missed even by the competent roentgen- 
ologist and will not be discovered unless he 
gives careful attention to the sacroiliac 
joints. 


DIFFERENTIAL DIAGNOSIS 


Because of the value of early correct di- 
agnosis and institution of proper therapy, 
Marie-Striimpell spondylarthritis should 
be differentiated from other conditions 
which may not offer so favorable a prog- 
nosis. The hypertrophic or degenerative 
type of arthrosis of the spine should be 
ruled out. Gonorrheal arthritis, luetic 
arthritis and tuberculous arthritis are 
sometimes difficult to distinguish. Subacute 
rheumatic fever, traumatic injuries and 
ruptured intervertebral disc must be ex- 
cluded. Lumbosacral and sacroiliac 
“strain,” “‘lumbago” and “neuritis” are 
convenient terms often applied incorrectly 
to the condition in its early stage by physi- 
cians not aware of the early diagnostic 
features of Marie-Striimpell spondylar- 
thritis. The condition should not be con- 
fused with the adult type of atrophic 
arthritis, childhood type (Still’s disease) or 
psoriasis arthropathica. 

Careful history and physical examina- 
tions with adequate roentgenograms and 
repeated laboratory studies usually give an 
accurate diagnosis if the examiner has the 
condition in mind. 

One hundred and seventy-two cases of 
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Marie-Strimpell spondylarthritis have 
been treated. One hundred and sixty of 
these 172 cases had sufficient data on their 
hospital charts to be of value in this analy- 
sis. 

Sex. One hundred and thirty-seven cases, 
or 86 per cent, were male; 23 cases, or 14 
per cent, were female. 

Race. One hundred and fifty-one cases, 
or 94 per cent, were white; 9 cases, or 6 
per cent, were colored. There were 130 
white male patients and 7 colored male 
patients; 21 white female patients were 
treated and only 2 colored females (Table 
I). 

TaBLe | 
TREATED CASES OF MARIE-STRUMPELL SPONDYL- 
ARTHRITIS 
Total No. in files: 172 
160 of these 172 cases had sufficient data on hospital 
records to be of value 
Total 160 Cases Analyzed 
Race 
White: 151 


Sex 
Male: 137 86% 
3 


3 Male 130 
Female: 23 14% 


Female 21 
Male 7 


Female 2 


Colored: g 6% 


Table 11 classifies the patients according 
to age groups. One hundred and twenty- 
Taste II 


AGE GROUPS TREATED 


Age, yr Cases 
10-19 8 
20-29 65. 123 cases or 77% between 
30-39 58 20-39 years of age 
49-49 20 
6 
60-69 3 
Total 160 


three cases, or 77 per cent, were between 
the ages of twenty and thirty-nine years. 

Table 11 shows the duration of symptoms 
before treatment was begun. Almost 75 per 
cent of our patients had unrelieved symp- 
toms for more than a year, emphasizing the 
persistent and insidious development of the 
disease if not treated. The value of early 
diagnosis is obvious when Table 111 is com- 
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TABLE III 


DURATION OF COMPLAINT BEFORE TREATMENT 


3-I12mo. 4! 26% 

I— 2 yr. 2 17% 

2- 3yr 26 16% | Almost three-fourths of 

3- 4 yr. 14 8%> patients had symptoms 

4- § yr. 15 9% for over one year. 
Over § yr. 41 24% 


pared with Tables 1x and x. The earlier 
correct diagnosis can be made and proper 
orthopedic and roentgen treatment insti- 
tuted, the better the prognosis. 

Table 1v classifies the stages of the dis- 


TaBLe IV 
CLASSIFICATION BY ROENTGEN FINDINGS 


Stage 1 60 cases 40% 


(Early disease) changes limited to sacroiliac joints 


7 


Stage 2 58 cases 37% 


(Moderately advanced disease) partially or com- 
pletely obliterated sacroiliac joints, osteitis of 
the articular facets, and slight calcification of the 
spinal ligaments 

Stage 3 38 cases 23% 

(Far advanced disease) sacroiliac joint ankylosed, 
and those in whom extensive paravertebral 
ligamentous calcification occurred, with or with- 
out involvement of girdle joints 


Total 156. 3 cases with symptoms of 6 mo. or less 
upon review of films were negative roentgeno- 
graphically. 

1 case films reported positive elsewhere and not 
roentgenographed again. 


ease into early disease (60 cases, or 40 per 
cent), moderately advanced disease (58 
cases, or 37 per cent), and far advanced 
disease (38 cases, or 23 per cent). This 
classification is according to that of Smyth, 
Kreyberg and Lampe" and is based on the 
roentgen findings. 

Orthopedic treatment is outlined in 
Table v, and is patterned after the com- 
bined work of Swaim!*® and Baker"? whose 
original papers should be referred to for 
more detailed analysis. The orthopedic 
treatment is most important, and satis- 
factory results cannot be expected if roent- 
gen therapy is used alone. We believe that 
roentgen therapy finds its greatest useful- 
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Tasie V 
ORTHOPEDIC TREATMENT 
Swaim,'® Baker.!.? Muscle spasm exists for years be- 
fore actual ossification of ligaments takes place 


1. Begin as early as possible 

a. gradual hyperextension 

b. relaxation of muscles 

c. corrective exercise to straighten spine and 

increase chest expansion 

d. immobilization of spine to hold correction 
2. Systemic support 

a. high vitamin, low carbohydrate diet 

b. bed rest, hard mattress, etc. 

c. physiotherapy, heat massage, etc. 

d. combat anemia 

e. psychological encouragement 
3. Educational 


ness in being the important agent which 
allows orthopedic treatment and correction 
of the deformities to be tolerated by the 
patient. 

The following factors have been used in 
the rcentgen treatment: 200 kv., 30 to 50 
cm. distance, 0.5 mm. Cu plus 1 mm. Al 
added filtration, 8 to 25 ma., giving a half- 
value layer of 1.1 mm. copper. The spinal 
column is blocked off into three or four 
elongated fields by lead shields. Fields vary 
from 160 to 260 sq. cm., but need not be 
wider than 8 to 1ocm. to be certain that the 
lateral spinal ligaments are included in 
the beam. We use a roughly triangular field 
for the lumbosacral and sacroiliac joints, 
including them in one field. 

Two or three fields are treated every day 
or every other day, giving a dose (without 
backscatter) of 150 r, measured in air, to 
each field for three or four treatments or a 
total dose of 450 r or 600 r (in air) per field 
per series. The skin dose is approximately 
215 r per field per treatment and the depth 
dose at the anterior interspinous ligaments 
is calculated in the neighborhood of 65 to 
85 r per field per treatment for the average 
patient. One series gives an average depth 
dose of about 220 to 250 r and a skin dose 
of 645 to 860 r. 

Young women are treated with caution 
and less total dosage per series. We have 
used intermediate voltage, 30 cm. distance, 
0.25 mm. Cu filter for the sacroiliac field 
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in order to decrease the depth dose at the 
ovaries. Fortunately, the disease is not 
common in young women. 

The series of deep roentgen treatments is 
repeated at the end of six to eight weeks if 
clinical re-evaluation suggests it is neces~ 
sary. Sixty-five per cent of our patients 
complained of one or more side effects 
from the roentgen therapy, such as an- 
orexia, nausea or vomiting. These symp- 
toms were not severe and could be con- 
trolled by treating only two fields a day 
instead of three, and giving vitamin B, 
tablets, or thiamine chloride. Leukopenia 
was not common and never required cessa- 
tion of roentgen therapy. 

The number of series of roentgen treat- 
ments necessary must be determined by 
clinical follow-up and re-evaluation at fre- 
quent intervals. This is part of the educa- 
tional program for the patients. A rising 
sedimentation rate and decrease in Welt- 
mann ccagulation band suggest activity 
of the growth of the granulations when 
associated with recurrence of the pain, 
stiffness and paravertebral muscle spasm. 
Successive series of roentgen treatments 
may be given with safety, provided the 
intervals between the series are sufficiently 
long. One hundred and twenty-six cases 
(78 per cent) in our analysis had one series, 
27 cases (17 per cent) had two series, and 7 
cases (§ per cent) were treated with three 
series (see Table v1). 


TaB_e VI 


NUMBER OF SERIES OF ROENTGEN TREATMENTS GIVEN 


112 cases, or 70%, total dose in air 450 r. 
13 cases, or 7%, total dose in air 600 r} one series 
I case, total dose in air goo r| 
27 cases, or 17%, had two series 450-600 r each se- 
ries 
7 cases, or 5%, had three series 450 r each series 
Number of series of treatments necessary must be 
determined by clinical re-evaluation at frequent in- 
tervals. 


Evidence of improvement under roent- 
gen therapy and orthopedic care is sum- 
marized in Table vit. Sixty-eight per cent, 
or 108 patients, on follow-up inquiry stated 
they were able to do more work than be- 
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Tasce VII 
EVIDENCE OF IMPROVEMENT 


1. Allows orthopedic treatment to be tolerated. 
. Reduction of symptoms, especially pain, stiff- 
ness. 144 Cases, or 90%. 

3. Increase in spine motion and chest expansion. 
gi cases, or 57%. 

4. Relaxation of paravertebral muscle spasm. 102 
cases, or 64%. 

s. Sustained gain in body weight. 

6. Rise in hemoglobin. 

+. Decrease in sedimentation rate. 

8. Weltmann coagulation band approximates nor- 
mal. 

g. Decrease in pulse rate. 

io. Return to gainful occupation. 


fore treatment. Thirteen patients who were 
bed-ridden for months and unable to work 
at all when therapy was instituted, returned 
to gainful occupation. This represents a 
cure rate of 8 per cent of the total treated 
and when added to the 68 per cent repre- 
sents 76 per cent improved. 

Seventy-two per cent of all treated cases 
showed a reduction of sedimentation rates 
after therapy. Table vir shows the reduc- 
tions in the 10 most improved patients. 

Table 1x shows the evidence of objective 
results obtained on follow-up records, sep- 
arating the findings into stages of the dis- 
ease. From this analysis it is obvious that 
the main effects of roentgen therapy are 
reduction of pain, stiffness, and paraverte- 
bral muscle spasm; spinal motion and chest 
expansion are increased, but all results are 
best in the earlier stages of the disease. The 
reduction of pain, stiffness, and paraverte- 
bral muscle spasm allows orthopedic cor- 
rection of the otherwise inevitable deform- 
ities to be tolerated. 


TaB__e VIII 


SEDIMENTATION RATES IN IO IMPROVED CASES 
72% of all cases showed reduction after 
roentgen therapy 
Before 

30/19/26/12/20/10/ 6/20/10/25 
W eltmann Coagulation Band 
Accurate determinations only on 40 cases, or 25% 
23 determinations were below 6 
17 determinations were above 6 
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Tasie IX 
RESULTS 
Reduction of pain, stiffness (144; 90%) of total 160 
Stage 1—all 60 cases, or 100% 
Stage 2—53 of 58 cases, or 91% 
Stage 3—31 of 38 cases, or 82% 
Increase in spine motion and chest expansion (91; 
57%) of total 160 
Stage 1—49 of 60 cases, or 81% 
Stage 2—40 of 58 cases, or 69% 
Stage 3— 20f 38 cases,or 5% 
Relaxation of paravertebral muscle spasm (102; 
64%) of total 160 
Stage 1—50 of 60 cases, or 83% 
Stage 2—46 of 58 cases, or 79% 
Stage 3— 6 of 38 cases, or 16% 
13 patients were definitely rehabilitated and returned 
to gainful occupation—1o of these were in Stage 2. 
3 were in Stage 3. 
108 patients, or 68%, answered stating they could do 
more work than before treatment. 


Table x gives the definite duration of 
follow-up records without recurrences since 
the last series of deep roentgen treatments. 
A follow-up letter was sent to each treated 
patient. One hundred and eighteen of the 
160 treated patients replied. Ninety-nine 
cases, or 60 per cent, answered they were 
better; that is, free of pain, less stiff, and 
able to do more work. Nineteen patients re- 
plied that there had been a recurrence of 
the pain, stiffness, and fatigability and that 
they wanted more treatment. 

Of the treated patients without recur- 
rence, it is interesting that 20 per cent are 
symptom free for over one year since the 
last roentgen treatment. 


TABLE X 
FOLLOW-UP WITHOUT RECURRENCE 


Total Treated 


Time No. Cases 
per cent 

6 wk.-6 mo. 58 36 
6-11 mo. 22 13 
I— 2 yr. 10 6 
2- 3 yr. 6 3 
3 yr. 3 2 

99 60 


There has been definite recurrence and possibly 
advance of the disease in 19 cases, or 12%, of all 
treated cases. 
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DISCUSSION 

Early diagnosis of ankylosing spondylar- 
thritis offers seeming retardation of the 
progress of this disease if roentgen irradia- 
tion and orthopedic treatment are promptly 
instituted. Roentgen irradiation has a defi- 
nite place in the treatment of this disease, 
but is not adequate by itself. The greatest 
value of roentgen therapy is that it allows 
orthopedic correction and prevention of the 
otherwise inevitable deformities to be tol- 
erated because pain, stiffness, and paraver- 
tebral muscle spasm are reduced. Spinal 
motion and chest expansion are improved. 
Elevated sedimentation rates are usually 
reduced and Weltmann coagulation bands 
approximate normal. The pulse rate de- 
creases, hemoglobin rises, and patients be- 
gin to gain weight. Some totally incapaci- 
tated patients can be rehabilitated by such 
combined therapy. 

The pathological granulations of Marie- 
Striimpell disease are similar to the vascu- 
lar granulations of other inflammatory re- 
actions known to be radiosensitive. The 
question whether or not roentgen therapy 
arrests the production of this granulation 
before ankylosis develops cannot be an- 
swered. It is felt, however, that if roentgen 
therapy can be instituted early while there 
is still active granulation (and not complete 
ankylosis) the best results may be expected. 
Arrest of the production of the granulating 
pannus is not too much to hope for and 
roentgen therapy in carefully applied series 
as indicated might play a considerable part 
in this. If this is the mechanism of roentgen 
reaction, then arrest of early cases before 
disabling deformities occur should be pos- 
sible by combined roentgen irradiation and 
orthopedic treatment. Such a regimen offers 
hope of more satisfactory results in Marie- 
Striimpell disease than either therapeutic 
measure used separately. 
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DISCUSSION 


Dr. Frep J. Hopces, Ann Arbor, Michigan. 
It has been a great pleasure to have the oppor- 
tunity to read the paper by Dr. Hemphill and 
Dr. Reeves, and although my personal connec- 
tion with the work published by the men from 
the University of Michigan is only slight, I have 
talked it over in detail with Dr. Lampe of our 
department who was one of the original pub- 
lishers. He was gratified to learn of the intensive 
studies which have been carried on by these 
authors. There is little that I can add to what 
Dr. Hemphill has given you, except to compli- 
ment him on a very thoroughgoing analysis of 
the situation. His findings are very encouraging 
because the results are so tangible and so 
gratifying. 

The dosage that we are giving at the present 
time is a little smaller and is carried out over a 
slightly longer period of time. We fractionate 
the dosage a little more minutely than he does; 
this is purely a matter of choice and one that 
has to do with our local situation. We have not 
been closely in touch with what the orthopedic 
department has been doing in the way of physi- 
cal therapeutic measures as an associated meth- 
od of treatment. The comments about opening 
the door to more elaborate orthopedic treat- 
ment are certainly very interesting and I am 
sure must be effective because oftentimes pa- 
tients seen at the outset are in no condition to 
endure any sort of manipulation or exercise. 

Dr. Lampe asked that I make this one com- 
ment or observation for him: Until this sort of 
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work began, none of us realized the great fre- 
quency with which this disease is encountered 
in medical practice. We are seeing a great many 
more young people in the full vigor of life with 
the early, painful manifestations of this disease 
than were ever before believed to exist. I 
imagine that some little modicum of relief from 
extremely painful symptoms has started the 
parade and now such patients trickle in to us 
through our Arthritis Research Institute, 
where they are very carefully studied. 

It is surprising to me that if this disease is 
sO common as we now find it to be, we have not 
seen a great many more examples of the ad- 
vanced stages which are so characteristic in 
roentgenological appearance. In any large hos- 
pital where numbers of patients with chronic 
illnesses are treated along with those who are 
acutely ill, it would seem that we would more 
often encounter the end-results than has been 
the case in the past. That raises the question as 
to the actual course of Marie-Striimpell disease 
once it starts. Perhaps all patients do not ul- 
timately acquire the rigid bamboo type of 
spine that we display to students. It may be 
that the disease is in part self limited and that 
some people never go on to that far advanced 
stage. I don’t know. In any event, this is an 
encouraging additional activity for radiation 
therapists and one which has certainly gone be- 
yond the stage of unfounded hopefulness. It 
does produce results and it does put people back 
into active service for a varying length of time. 
Whether it can accomplish permanent cure will 
remain to be seen. 
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INFLUENCE OF BIOLOGICAL FACTORS ON THE FORM 
OF ROENTGEN-RAY SURVIVAL CURVES 


EXPERIMENTS ON PARAMECIUM CAUDATUM 


By A. BACK AND L. HALBERSTAEDTER 
From the Department of Radiobiology, Cancer Laboratories, The Hebrew University 
JERUSALEM, PALESTINE 


-* HAS been shown in experiments on 
Eudorina elegans, by Halberstaedter 
and Luntz,’ the immediate lethal radium 
dose for different individuals of a biological- 
ly highly homogeneous population in stand- 
ard conditions varies within a narrowly 
restricted range only. 

In a related Volvox, Pandorina morum, 
we have found’ that the immediate lethal 
roentgen-ray dose varies among different 
individuals of a mass culture in the range 
from 400,000 to 600,000 r, but is constant 
for all members of a single colony. 

In order to obtain further information as 
to the radiobiological behavior of im- 
mediate or remote descendants of one 
parent, and in order to evaluate more 
closely the influence of biological factors on 
mortality curves, experiments on a more 
extensive scale were desirable. Paramecium 
caudatum, which has been used by us for 
many years for radiobiological studies,! was 
selected for this purpose. 


TECHNIQUE 


Roentgen Tube. The irradiation was car- 
ried out by means of a demountable roent- 
gen tube, which was operated at 35 kv. and 
a current of 20 ma., using a copper anti- 
cathode. The window consisted of an 
aluminum foil of 30u thickness. Absorption 
analysis showed that the rays, which pene- 
trated through the window foil and through 
the mica cover-glass, were mainly copper 
K rays. The intensity of the roentgen rays 
was about 90,000 r per minute at the dis- 
tance of the irradiated subject. 

Test Organism. Paramecium caudatum 
was cultivated in a mixture composed of 
two parts of a standard hay infusion and 
one part of soil extract (prepared according 


2 


to Pringsheim™). Bact. coli were added to 
this medium for nutriment. 

The cultures were maintained in a 
thermostat at 25° C. In these conditions 
cell division occurred at intervals of eight 
to ten hours. The stock cultures were main- 
tained in Boveri dishes in 15 cc. of nutrient 
medium and were transferred fortnightly. 

Irradiation was carried out in small drops 
of water under mica slips of known thick- 
ness. The volume of the drop was between 
1.5 and 2.0 mm.’ and its depth 0.2-0.3 mm. 
As a protection against evaporation the 
drops were covered with a larger drop of 
paraffin oil and fixed as hanging drops by 
means of vaseline in the chamber of a hol- 
low ground glass slide. 

Preliminary experiments showed that 
specimens of Paramecium caudatum are 
able to multiply normally within the drop 
of the size employed in the irradiation ex- 
periments, and therefore that the para- 
mecia are not affected by the smallness of 
the drop during the brief interval of time 
required for irradiation. 

The radiation was applied in successive 
steps of 50,000 or 100,000 r, and the organ- 
isms were examined at low magnification 
after each stage of irradiation. 

Doses of 100,000 r were without visible 
effects. The action of irradiation on the 
organisms first becomes visible in the al- 
teration of the manner of their movement. 
This change becomes clearly manifested 
when one-half of the immediate lethal dose 
(I.L.D.) has been applied. Ciliar movement 
then loses its normal coordination, the cilia 
fail to move in unison, and the paramecia 
swim irregularly backward and forward. 
With greater doses movement is brought to 
a complete standstill, and after a brief time 
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cytolysis always occurs. Complete cessation 
of movement therefore serves as an indica- 
tion of the impending death of the organ- 
ism. The immediate lethal dose is accord- 
ingly defined for Paramecium caudatum as 
that dose which produces complete cessa- 
tion of motility within ten to fifteen 
minutes after irradiation. 

It was necessary to determine whether 
roentgen irradiation with the doses em- 
ployed by us causes alterations in the 
nutrient medium, which have a toxic effect 
on the paramecia. 

Piffault," Taylor, Thomas and Brown,” 
and others, have shown that a large dose of 
roentgen rays may produce products, prob- 
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drops prepared as has been described. The 
number of specimens irradiated in any one 
of the clone experiments was not greater 
than twelve. 

In the family experiments, a single mem- 
ber of a clone was removed and cultivated 
in a hollow ground glass slide in 0.7 cc. of 
the culture medium at 25° C. When 4-8 
individuals had formed, irradiation was ap- 
plied as described above. The number of 
individuals in any family so prepared was 
8 or less. 


RESULTS 


1. Clone Experiments. The lethal dose for 
different individuals of a single clone was 


TABLE I 


PERCENTAGE MORTALITY AFTER IRRADIATION 


100,000 r 200,000 r 300,000 r 400,000 r 500,000 r 600,000 r 700,000 r 
M.C.* M.C. F | M.C. F. MC. F. M.C. F. M.C. F. Mc. F 
fe) 3.0 6.6 422. 93.8 96.3 99.0 99.1 

* M.C.= Mass culture, 750 specimens in all. ; 

+ F.=107 families, 4-8 specimens in each. 
ably peroxides, toxic for Paramecium. The found to be variable. Application of 


culture medium employed by us, even after 
irradiation with doses up to 1 million roent- 
gens failed to exert a toxic effect on the 
paramecia. 
The main experiments fall in two groups. 
1. Clone experiments. 
These were carried out on cultures three 
or more days old, i.e. on offspring remote 
from the common parents by at least six 
generations. 


2. Family experiments. 

These comprised individuals remote 
from the common parents by no more 
than three generations. The number of 
specimens tested in any one of these 
experiments was consequently never 
greater than eight. 

In the clone experiments a number of 
randomly sampled members of a clone 
were transferred from a culture, three or 
more days old, by means of a pipette, into 


200,000 r caused death in a small percent- 
age of the irradiated population. With in- 
crease in the dosage this percentage rises. 
At 600,000 r, almost all the irradiated 
specimens die. All survivors of this treat- 
ment died after the dese was increased to 
700,000 r. The dose which produces a f0 
per cent mortality rate lies between 
350,000 and 400,000 r. The findings are 
given in Table 1, which presents the full 
data for 112 typical irradiation trials, com- 
prising a total of 750 organisms. It is clear 
from the reported results that different 
members of a clone, irradiated in the same 
drop, are killed at different dose levels, and 
further, that the distribution of the im- 
mediate lethal dose values among the in- 
dividuals of a drop varies from one drop to 
another. 

Figure 1 shows the results of these experi- 
ments plotted as a survival curve. The 
shape of the curve (unbroken line) is typi- 
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cally sigmoid and corresponds to the sigma 
curve obtained by different investigators 
for biological materials of a wide variety of 
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types; e.g., Crowther® with Co/pidium col- 
poda; Holweck and Lacassagne® with Sac- 
charomyces ; Zuppinger™ with bean root and 
Ascaris eggs; Braun and Holthusen? with 
eggs of Ascaris and Drosophila. 


SEPTEMBER, 1945 


2. Family Experiments. In these experi- 
ments different immediate lethal doses were 
found for different drops. The immediate 
lethal doses must therefore be variable from 
family to family. The range of the varia- 
tions was the same as that encountered 
previously in a clone. All individuals of any 
given single family, however, in funda- 
mental contrast to the findings for individ- 
uals in a clone, die at the same dose level. 
Differences in radiosensitivity are therefore 
inter- rather than intra-familial. 

The results of trials comprising 107 
families have been plotted in Figure | as a 
survival curve, the family being regarded 
for the purposes of this curve as a single 
unit independently of the number of in- 
dividuals of which it is in fact composed 
(broken line, Fig. 1). The plotted curve 
possesses, as was to be expected, the same 
form as the curve found for clones. 

The results of 20 family irradiation ex- 
periments are set forth in detail in Table 1. 
Each horizontal column of the table shows 
survivals within a family at different doses. 
The dose which produces death of all ir- 
radiated specimens within a single family 
is sharply marked off from a dose level im- 
mediately below, which is uniformly non- 


TaB_e II 


EXPERIMENTS ON FAMILIES 


Number Number of individuals alive after a dose of 
No. of 
Individuals 200 250 300 350 400 450 500 550 600 650 +thousandr 

I 8 re) 
5 5 fe) 
3 6 6 6 fe) 
4 8 8 8 fe) 
5 7 7 7 7 fe) 
6 8 8 8 8 fe) 
| 8 8 8 8 8 fe) 
8 26 6 6 6 6 6 re) 
9 7 7 7 7 7 7 ° 
10 8 8 8 8 6 6 fe) 
11 4 4 4 4 4 4 4 ° 
12 5 5 5 § 5 5 5 .e) 
‘3 8 8 8 8 8 8 8 8 fe) 
14 4 4 4 4 4 4 4 4 4 ° 
15 6 6 6 6 6 6 6 6 6 6 fe) 
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lethal for all individuals of the same family. 

In order to meet the objection that this 
result may have been affected by the fact 
that, in the technique employed, only a 
small number of individuals had been ir- 
radiated in a single trial, an experiment 
with identical technique was run on ran- 
domly selected members of a clone. The 
results of this check are shown in Table 11. 
Here again, each horizontal column sum- 
marizes a sirgle simultaneous irradiation 
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EXPERIMENTS ON CLONES 
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From considerations on the discontinu- 
ous random distribution of absorption in an 
object irradiated with roentgen rays, Des- 
sauer, Blau and Altenberger‘ were able to 
construct curves based on probability calcu- 
lations, which are similar in shape to the 
mortality curves experimentally established 
for a variety of biological objects. This 
finding induced Dessauer to formulate his 
“point heat’’ theory. 

Crowther, who has treated this problem 


Number Number of individuals alive after a dose of 
No. of 
Individuals 200 300 400 500 600 700 thousand r 
I 6 4 
3 8 8 5 fe) 
4 4 \ 4 I fe) 
4 4 2 2 
6 4 4 4 fe) 
7 5 3 fe) 
Pa) 6 6 6 3 
9 7 5 fo) 
10 7 6 2 fe) 
11 4 3 3 2 2 ° 
12 6 6 6 2 3 Oo 
13 6 6 3 2 I ‘e) 
14 6 6 3 2 
15 7 7 6 5 I I ° 


experiment. It is evident from the tabu- 
lated results that despite the use of small 
samples randomly selected, members of a 
clone, in contradistinction to members of a 
single family, are generally found to die at 
different dose levels. 

Deviations from the behavior pattern, 
which has been described, were exceedingly 
rare. 

DISCUSSION 

The fact that simultaneously irradiated 
different individuals of one species do not 
die with the same roentgen-ray dose was 
originally ascribed to individual differences 
in radiosensitivity. Dessauer,® on the other 
hand, attempted to explain this phenome- 
non in purely physical terms. 


extensively, similarly based his considera- 
tions primarily on the random discontinu- 
ous nature of roentgen-ray absorption. The 
prerequisite of effective radiation action on 
biological systems, according to Crowther, 
is the “hit” of a sensitive structure in the 
cell by radiation. He defines “hit” as the 
production of a pair of ions within a sensi- 
tive zone in the cell. 

It has been pointed out, in criticism of 
these attempts, that the experimentally de- 
rived mortality curve could also be ade- 
quately explained in terms of biological 
variation alone. The mortality curve, ac- 
cordingly, could be regarded simply as a 
curve of biological variation. 

In the case of sigma-shaped mortality 
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curves, the latter interpretation must be 
regarded as acceptable, since differentiation 
in this case between the relative validity of 
the physical and the biological interpreta- 
tion is not possible. Crowther himself, in his 
critical examination of his experiments with 
Colpidium colpoda, made the following 
statement: “If we assume that on an aver- 
age a Colpidium requires a dose of 3.26 mc. 
to produce immediate death, but that ow- 
ing to biological variations among the 
specimens some individuals require more 
and some less than the average, then, if 
these variations from the mean follow the 
usual law of errors, we should get a survival 
curve (the measure of precision being suit- 
ably adjusted) which would not be dis- 
tinguishable from the experimental curves, 
within the limits of accuracy of these ex- 
periments. The difficulty is due to the large 


value of n in these experiments.” (n =num- 
ber of hits.) 
Meissner'® has modified mortality 


curves calculated from physicomathemati- 
cal theory on the basis of a Poisson distri- 
bution. It is not readily evident, however, 
whether and to what degree it is possible to 
determine the réle played by the biological 
factor in the form of an experimentally de- 
termined S-curve of roentgen-ray damage. 
If the mortality curve calculated for a 
given number (n) of hits is modified in ac- 
cordance with the method suggested by 
Meissner, a curve is obtained which is 
identical with that calculable for a different 
value of n without reference to biological 
variation (Glocker*). 

These objections do not hold, however, 
for exponential mortality curves where 
n=1, such as have been obtained, for in- 
stance, in irradiation experiments on bac- 
teria and viruses. 

In the present investigation we have at- 
tempted to assess the significance of the 
biological factor experimentally by tests of 
the effect of roentgen rays on a selected 
biological species. Specimens of Para- 
mecium caudatum have been subjected to 
various doses of roentgen rays under uni- 
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form experimental conditions, and by these 
means the immediate lethal dose for in- 
dividuals irradiated has been determined. 
In simultaneous irradiation of numerous 
paramecia in the same drop and under the 
same conditions different behavior is ob- 
served among individuals of clones or of 
families. Members of clones die at different 
roentgen-ray doses, members of families die 
at the same time. 

In view of the reproducibility of this re- 
sult with rare exceptions in an extensive 
series of experiments, it is valid to conclude 
that for Paramecium caudatum, at least, 
biological variability plays a significant 
rdle in determining the shape of the mor- 
tality curve. The extent of this influence re- 
quires further experimental elucidation. It 
is our belief, however, that the test method 
employed by us renders the influence of 
biological variability on roentgen-ray mor- 
tality curves accessible to experimental 
trial. 

SUMMARY 

1. Experiments have been carried out to 
determine the difference in roentgen-ray 
susceptibility between immediate (family) 
and remote cere) descendants of a single 
parent. 

2. The immediate lethal dose of roentgen 
rays for different individuals of Paramecium 
caudatum jn a mass culture varies between 

. The immediate 
lethal dose for dierent | faniilies of Para- 
mecium caudatum also varies between 
200,000 and 700,000 r. The roentgen-ray 
mortality curve is sigmoid. 

3. Irradiated in the same drop, members 
of a clone died at different roentgen-ray 
doses; under the same conditions, members 


_ of a family always died at the same dose. 


4. The different behavior pattern of 
specimens of a clone or of a family, re- 
spectively, when simultaneously irradiated 
can only be explained on the basis of bio- 
logical variability, the variability in radio- 
sensitivity being greater between members 
of a clone than between members of a 
family. 
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CALCULATION OF RADIUM DOSAGE ALONG THE 
LONGITUDINAL AXIS OF LINEAR SOURCES* 


By BERNARD S. WOLF, M.D. 


NEW YORK, NEW YORK 


N PREVIOUS articles,”:™ the results of 

calculations of radium dosage for linear 
sources in gamma roentgens were pre- 
sented. The problem of calculating the dose 
beyond the end of a linear source along a line 
continuous with the longitudinal axis of the 
linear source (such as P», in Fig. 1) was, 
however, not considered. In some cases, it 
is necessary to know the dose along this 
axis, at least approximately. For example, 


Fic. 1. Ps is a point on the longitudinal axis of a 
filtered linear source. P; is a point a short dis- 
tance from the longitudinal axis. To reach P», 
radiation traverses the thickness of container wall 
at the end. To reach P,, radiation must pass 
obliquely through a considerable thickness of the 
side wall of the container. 


in the conventionalized arrangement of the 
intrauterine radium capsules in tandem, 
the external cervical os and the rectal mu- 
cosa point lie on the longitudinal axis of the 
linear radium sources. The rectal dose is of 
considerable importance in the treatment 
of cancer of the cervix and, in some cases, 
may be the factor limiting the total amount 
of treatment. 

It has been more or less assumed that the 
amount of radiation beyond the end of a 
tube is small and may be neglected for prac- 
tical purposes.’ This is certainly not gen- 
erally true. Experimental investigations of 
the “end effects” of radium capsules by au- 
toradiographic methods have been made by 
Mazerés,* Guében,* and Mayneord.® The 
radiographs show a zone of considerable in- 
tensity along the longitudinal axis, sur- 
rounded by a ring of distinctly less inten- 
sity. This result was anticipated by a con- 
sideration of the paths taken by radiation 


to reach a point on the central axis (P2, 
Fig. 1) and a point a short distance away 
from the central axis (P,, Fig. 1). To reach 
P., the radiation traverses a certain length 
of radium salt and the thickness of the con- 
tainer at the end of the capsule. To reach 
P,, the radiation must pass obliquely 
through a considerable length of container 
material on one side of the capsule. Since 
the absorption by radium salt as packed 
within tubes is-less than the absorption by 
metals like platinum (about one-tenth), the 
amount of radiation absorbed by the tube 
itself is considerably greater for rays reach- 
ing P,; than for those reaching P?: and the 
intensity at P, will therefore be greater 
than the intensity at P;. The width of this 
region of relatively high dosage on the 
longitudinal axis depends on the diameter 
of the tube and the distance from the end 
of the tube. The existence of this region of 
high intensity is of particular significance 
when the dosage at points of maximum 
tolerance is to be calculated. 

Experimental determination of radium 
dosage along the longitudinal axis by ioni- 
zation methods is extremely difficult be- 
cause the size of the smallest available ion- 
ization chamber is large compared to the re- 
gion in question. Autoradiographic meth- 
ods are in general not satisfactory because 
of the difficulty in obtaining consistent re- 
sults and because of the uncertainty as to 
the relationship of blackening to the inten- 
sity of the primary gamma radiation. The 
isodose curves usually given for linear 
sources do not show the region of relatively 
high dosage along the longitudinal axis. 
The isodose curves for the (unspecified) lin- 
ear source investigated by Guében® and the 
qualitative isodose curves in a diagram 
published by Tod and Meredith" were the 
only ones found which showed the outward 


* From the Department of Radiotherapy, Mount Sinai Hospital, New York. 
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bulging along the longitudinal axis and its 
immediate neighborhood. 

A mathematical method to calculate the 
dose on the longitudinal axis was described 
by Sievert.” Mayneord and Honeyburne? 
also calculate dosage on this axis by assum- 
ing the linear source to be represented by 
multiple point sources. The most uncertain 
factor in these calculations is the absorp- 
tion in the radium salt itself. This will varv 
with the closeness of packing and the exact 
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source (Mayneord,*:* Goldhaber and Grif- 
fith?) shows a difference of about 10 per 
cent. In view of the errors of both methods, 
this is surprisingly close agreement. The 
method of Sievert was simplified so that the 
final result is obtained by multiplying the 
dose for an unfiltered linear source by a fil- 
tration factor depending on the thickness of 
the container at the end of the capsule or 
needle. 

The dose for the unfiltered source is 


R,/MG. HR. ON LONGITUDINAL AXIS, NO FILTRATION 
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Fic. 2. Graph giving the dose at points along the longitudinal axis of an unfiltered linear source. Each curve 
corresponds to a given active length. The vertical coordinate is the distance from the point at which the 
dose is to be calculated to the near (active) end of the linear source. The horizontal coordinate is the dose 


in gamma roentgens per milligram-hours. 


chemical structure and degree of purity of 


the radium salt used. The results of these 
calculations can therefore be only approx- 
imate unless these factors are known, but 
the degree of accuracy is probably suffi- 
cient for clinical purposes. Benner? claims to 
have confirmed the validity of the Sievert 
formulae by experimental means. Compari- 
son of the figures given below with the re- 
sults of ionization methods at points on the 
longitudinal axis some distance from the 


found from Figure 2. Each curve of the 
family of curves of this graph represents a 
different active length. The vertical co- 
ordinate is the distance between the point 
at which the dose is desired and the near 
(active) end of the linear source. The dose 
in gamma roentgens per milligram-hour is 
read on the horizontal axis. The data were 
plotted on logarithmic graph paper in order 
to include a large range with the same ac- 
curacy throughout. 
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The container material was assumed to 
be platinum. For other materials, their 
platinum equivalents may be used. The 
data for Figure 3 were plotted on semi- 
logarithmic graph paper. On the horizontal 
axis is found the thickness of the container 
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Fic. 3. Graph for filtration correction factors in per- 
centage of the value for an unfiltered source. The 
thickness of the end of the capsule in millimeters of 
platinum (or platinum equivalent) is found on the 
horizontal axis and the filtration factor on the 
vertical axis. If the ray which passes along the 
longitudinal axis must pass through radium salt 
within another capsule, the number of centimeters 
of radium salt traversed is added to the number of 
millimeters of the platinum traversed to find the 
suitable factor. 


wall at the end of the linear source in milli- 
meters of platinum. The filtration correc- 
tion factor, in per cent, to multiply the dose 
from the unfiltered source, as found from 
Figure 2, is read on the vertical axis. 


Example 1 (Fig. 4). Given a linear source 
with active length 2.0 cm., an overall length of 
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2.4 cm., and filtration of 2 mm. of platinum at 
each end. 

To find the dose per milligram-hour at a 
point 4.0 cm. from the active end of this source 
along the longitudinal axis. 

Active length= Z=2.0 cm. 

Distance to (near) end=d=4.0 cm. 

If the source were unfiltered, from Figure 2, we 
find that the 

Dose per milligram-hour = 0.33 gamma roent- 

gen. 

Filtration at end=/=2 mm. of platinum. 

From Figure 3, for this thickness of platinum, 
the filtration correction factor is 75 per cent. 

For the given filtered source, then, 
Dose=dose for unfiltered source X filtration 

factor. 

Dose per milligram-hour = (0.33) (0.75) 
=0.248 gamma roentgen. 


To calculate the dose from a linear source 
at a point on its longitudinal axis when an- 
other linear source is present on the same 
line between the source and the point in 
question, as in a coaxial tandem arrange- 
ment of capsules, the procedure is similar 
to the above. The only difference is that, in 
obtaining the filtration factor, the addi- 
tional filtration of the ends of the interven- 
ing capsule and of its radium salt must be 
included. By pure coincidence, it happens 
that the absorption coefficient per milli- 
meter of platinum is the same as the ab- 
sorption coefficient per centimeter of 
radium salt (see later). The filtration factor 
in this type of case may therefore be deter- 


d 


Fic. 4. L equals active length in cm.; ¢ equals thick- 
ness of end of capsule in mm. of platinum; d equals 
distance to active end of linear source in cm.; P 1s 
point at which the dose is to be calculated. 


mined from the same curve (Fig. 3) as in 
the previous case. The number of milli- 
meters of platinum is added to the number 
of centimeters of radium salt present on the 
central axis between the active end of the 
original linear source and the point at 


4 
| 
33333352: 33223522 5252322222 32333 333222335 tt 
35225333: 
322562298) 555 3252322259 2532325253 
al 
0 | 
a 
t 
ee 
“4 
q 
* 
i 
‘ 
< 


it 


54, No. 3 


which the dose is desired. An example will 
make clear how simple this procedure is. 


Example 2 (Fig. 5). Given a linear source 
with active length 2.0 cm. and filtration at the 
end equivalent to 2.0 mm. platinum. Between 
this capsule and the point at which the dose is 
desired is another capsule in coaxial tandem 
arrangement, with an active length of 2.5 cm. 
and filtration at each end equivalent to 2 mm. 
of platinum. 

To find the dose at a point 4.0 cm. from the 
active end of the original capsule along its 
longitudinal axis. 

For an unfiltered source with active length 
2.0 cm., at a distance of 4.0 cm. from its end, 


Calculation of Radium Dosage 299 


P=number of milligram-hours; 
L=active length in centimeters; 
= linear absorption coefficient of the radium 

salt; 

u=linear absorption coefficient of container 
material; 

d=distance to near (active) end of the 
linear source; 

t=thickness of container wall at end of 


tube; 
f(x)= — ax 


To convert the Sievert unit of dosage into 
gamma roentgens, the figure 9.0 was used 
(Neary,® Mayneord and Honeyburne’). 


Fic. 5. Another capsule, /2, in coaxial tandem arrangement. The filtration correction factor is obtained by 
adding, fi, ¢2 and ¢; in mm. to 2 in cm. The filtration factor is found from Figure 3 for this summated 


“thickness.” 


we find from Figure 2, as in the previous 
example, that 
Dose per milligram-hour = 0.33 gammaroentgen. 
To obtain the filtration correction factor, the 
thickness of all material between the (active) 
end of the unfiltered source and the point P 
must be added—mm. of platinum plus cm. of 
radium salt. 
=8.5 
From Figure 3, the filtration factor for this 
“thickness” is 33.5 per cent. 
Dose per ake: of the origina! capsule 
= (0.33) (0.335) 
=0.111 gamma roentgen. 
Of course, if the dose at the same point per 
milligram- hour of the intervening capsule is 
required, this is calculated as in Example 1. 


MATHEMATICAL CONSIDERATIONS 


The formula given by Sievert!’ for dosage 
along the central axis is 


P 
Dose = — “tol od) —f(vd+vL) |. 
L 

The unit in which the dose is expressed is the 
amount of radiation at I cm. from a I mg. point 
source of unfiltered radium element in 1 hour. 


The figure 0.15 per cm., determined by 
Sievert’? for go per cent water-free radium 
sulfate moderately well packed was used for ov. 

The mean linear absorption coefficient of 
platinum for gamma radiation filtered by 0.5 
mm. point was taken as 1.5 per cm. since this 
seems to be the best average value available at 
present.” In constructing the graph of Figure 
3, the decrease in absorption coefficient with 
increasing thicknesses of platinum was included 
by utilizing the slopes of the curve calculated 
by Sievert!® from experimental values of Kohl- 
rausch. 

The table of integrals was extrapolated for a 
short distance to include points close to the end 
of the linear source. Secondary beta radiation 
from the metallic container does not contribute 
any significant ionization beyond 2 or 3 mm. 
from the surface of a capsule.’ 


SUMMARY 


The results of calculations of radium dos- 
age in gamma roentgens along the longi- 
tudinal axis of linear sources are presented. 
The method used was that described by 
Sievert but substituting a more recent 
value for the absorption coefficient of 
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platinum. The accuracy of these calcula- 
tions is limited by uncertainties in the val- 
ues of the absorption coefficients, but ex- 
perimental methods for determination of 
dosage in this region are as yet unsatisfac- 
tory. The usual isodose curves are either in- 
accurate or omit entirely the dose along the 
longitudinal axis. The intensity of radiation 
along this axis is greater than the intensity 
in the immediate surrounding region and 
should not be neglected. 


1 East rooth St., 
New York 29, N.Y. 
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WARTIME RADIOLOGY AND PEACETIME PROBLEMS* 


HE Surgeon General of the Army has 

assigned me to the pleasant duty of 
representing the Medical Department, 
Army of the United States, at this meeting 
and I am glad to have a share in this recog- 
nition of radiology’s importance in military 
inedicine. I consider it a high honor, not 
only to have the rare privilege of represent- 
ing the Office of The Surgeon General but 
also to be here as the personal representa- 
tive of the man who holds that office, Major 
General Norman T. Kirk, and I am happy 
to bring you his cordial greetings and best 
wishes for a successful meeting. 

It may be fitting at this time to review 
the measures that became necessary in se- 
curing an adequate personnel for the radio- 
logic service of a vast and rapidly expand- 
ing army and to consider the effect on radi- 
ologic standards that is likely to follow 
demobilization of this personnel. 

When it became apparent that this na- 
tion’s peace and safety were menaced by 
the Axis powers, the United States began 
to expand its military forces as a defensive 
measure. This increase entailed, of course, 
a corresponding increase of the Medical 
Department of the Army including the 
radiologic service, and enlistment of radi- 
ologists was invited. But the response was 
slow and insufficient, partly, no doubt, 
because it was widely believed that this 
country would escape involvement in the 
war and that the need of the Medical Corps 
for more radiologists could be regarded as 
theoretical rather than actual or at least 
as not pressing. Great camps were estab- 
lished and large hospitals erected to care 
for the trainees. For these hospitals there 


were not enough trained radiologists, but 
radiologic service had to be given. Young 
medical officers who had had only limited 
experience in radiology or even those who 
merely showed an interest in the specialty 
were assigned to this work. By study of 
texts and journals, by conferences with 
civilian radiologists located nearby and by 
cautious trial and error; most of these men 
gradually acquired enough skill to render 
excellent service. Indeed, some of them ap- 
plied themselves with such enthusiasm and 
diligence that they received high com- 
mendation, earned advancement in rank 
and successfully passed the examination 
prescribed by the American Board of Radi- 
ology. 

Then came Pearl Harbor! We were at 
war, and the demand for radiologists in the 
Army was plainly not only real but urgent. 
Medical Reserve Officers who had not 
previously been called were ordered to 
duty, but their number was too small to 
have any substantial effect, and chief de- 
pendence had to be placed on voluntary 
enlistments to fill required quotas. Not- 
withstanding the thorough publicity given 
the emergency and efforts to meet it by 
direct appeals and indirectly suggestive 
questionnaires, not enough radiologists 
could be obtained. Apparently at that time 
the older radiologists had a proportionately 
larger representation in the Army than 
the younger men, but it should not be in- 
ferred that the latter group were solely 
responsible for the disparity. Certainly all 
reasonable civilian needs had to be con- 
sidered and hospitals and other institutions 
had a valid claim to an irreducible mini- 


* Presented at the Joint Meeting of the American Roentgen Ray Society and the Radiological Society of North America, Chicago, 


Ill., Sept. 24-29, 1944. 
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mum of radiologic service. The difficulty 
arose in setting that minimum fairly in 
each community and-thus preventing an 
abuse of privilege. Whatever the causes 
may have been, there was a serious and 
continuing shortage of competent radiolo- 
gists in the Medical Corps, and something 
had to be done about it quickly. 

Accordingly the Surgeon General, after 
careful consideration and with the ap- 
proval of his advisers, determined to insti- 
tute a program of intensive training of 
medical officers selected for radiologic serv- 
ice. Only medical officers who had some 
knowledge of radiology or showed a keen 
interest in it were chosen for training and 
the ccurse of instruction was thoughtfully 
planned as to its length, breadth and ob- 
ligatory requirements. Under the able 
supervision of Colonel A. A. de Lorimier 
the candidates were given six weeks basic 
training at the Army School of Roentgen- 
olegy, which at first was located in Wash- 
ington but later was moved to Memphis. 
Colonel de Lorimier arranged an excellent 
curriculum which consisted largely of di- 
dactic and practical training in the funda- 
mentals of radiology. His school has 
recently lengthened its course to twelve 
weeks and more clinical instruction has 
been added. In addition to the Army School 
of Roentgenology an advanced course in 
radiology was established at the Mayo 
Foundation at which the student officers 
were given twelve weeks intensive training. 
Those chosen to attend the advanced 
course were selected from among those 
showing unusual aptitude while in attend- 
ance at the Army School of Roentgenology 
or from those who had some previous expe- 
rience with, or training in, the use of 
roentgen rays. This course consists almost 
wholly of practical roentgenographic inter- 
pretation and roentgenoscopy. I have had 
personal contact with all those in attend- 
ance and I have found that practically all 
of the men who have been detailed to the 
Mayo Foundation for training seemed to 
have superior intelligence and zeal and a 
proper sense of their responsibility. 


— 


On satisfactory completion of one or 
both of these courses these brevet radiolo- 
gists have been assigned to duties com- 
mensurate with their ability as nearly as 
that could be determined. Most of them 
were assigned to stations as assistants to 
experienced radiologists who had_ been 
given more responsible posts. That these 
novices have made good I can aver from 
direct and wide personal observation. In 
the performance of my duties as the Senior 
Consultant in Radiology in the Office of 
The Surgeon General I have visited the 
radiologic departments of more than two 
hundred Army hospitals all over the 
United States, and everywhere I went I was 
gratified to find that the intensively trained 
assistants were doing their work with re- 
markable efficiency. In a few instances that 
I recall with pleasure the assistant, who 
as a civilian had no experience with roent- 
genology, had become as proficient in diag- 
nosis as a veteran radiologist. That the 
novices are doing their work well is not 
only pleasing but important. In simple 
fairness, I want also to pay deserved tribute 
to the veteran experienced radiologists, for 
their leadership and ability has placed the 
radiologic work in the army on a high 
plane. In fact, in several Army hospitals 
the radiologic work is on a par with that 
done in our most renowned civilian institu- 
tions. A medical consultant in one of the 
service commands told me recently that 
when he makes his initial inspection of a 
hospital he invariably visits first the radi- 
ologic department and the clinical labora- 
tory in order to observe the quality of their 
work, for he is aware that the efficiency of 
the general diagnostic work of the hospital 
will be no higher than the ability of those 
responsible for the roentgenologic and clini- 
cal laboratory reports. 

At present there are in the Army ap- 
proximately 450 radiologists who have been 
certified by the American Board of Radiol- 
ogy and possibly 750 whose roentgenologic 
experience has been obtained in the Army, 
or who have had from six months to two 
years’ training before entering the Army. 
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In the Army every effort has been made 
to assign men qualified in radiology to a 
radiologic department. Except for good and 
sufficient reasons every certified radiologist 
is doing radiologic work. Among the excep- 
tions are those in the Regular Army who 
are expected to take administrative posi- 
tions during war time and other officers 
who have requested similar or other assign- 
ments for various reasons. | 

More than 50 per cent of applicants cer- 
tified at the latest meeting of the American 
Board of Radiology (February, 1944) were 
in Army uniform. Of these a small number 
had just entered the Army after completing 
three years of graduate instruction and a 
small number had received all their experi- 
ence and training in the Army. A majority, 
however, had had from six months to two 


years’ training in civilian institutions fol- 


lowed by more or less training or experi- 
ence or both in the Army. This sample 
speaks well not only for the men chosen to 
do radiologic work in the Army but also 
for the opportunities afforded them by the 
Army. 

At the war’s end approximately 400 non- 
certified military radiologists, trained dur- 
ing and for the emergency, will face adjust- 
ment to peacetime conditions. These col- 
leagues of ours may possess extraordinary 
skill in the radiology of military injuries 
and diseases and their resulting complica. 
tions and sequelae and of certain diseases 
seen chiefly in foreign lands. On the other 
hand, they will be deficient or totally lack- 
ing in experience with radiation therapy 
and many general radiologic prablems in- 
cluding a vast array of domestic diseases, 
especially those that are degenerative and 
chronic. No doubt most of these men will 
elect to continue in the practice of radiology 
either immediately or after further prepara- 
tion. 

A preliminary study of a survey by 
Lieutenant Colonel Harold C. Leuth* indi- 
cates that approximately half of the medi- 


*Leuth, H. C. Future educational objectives of medical 
officers. 7. Am. M. Ass., 1944, 125, 1099-1103. 
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cal officers in the armed forces will desire 
further graduate training and that most of 
this group will seek certification by spe- 
cialty boards. I am sure you will be inter- 
ested to know that they suspect that more 
men will indicate their desire to seek 
certification by the specialty boards than 
are now certified by all of the boards up to 
this date. That does not mean that when 
the War is over and they are ready to go 
home they will then be willing to continue, 
but at the moment they think so. This es- 
timate appears to be well based and accept- 
able as fairly representing the aims and 
hopes of the noncertified radiologists in the 
armed forces. It will be our privilege, then, 
as individuals and through our teaching 
institutions and radiologic organizations to 
help these men secure posts where their 
talents will be of greatest service and foster 
their ambition to complete their training so 
that they may be recognized .and certified 
as specialists. 

From all indications there will be no 
lack, or at least no prolonged lack, of em- 
ployment after the war for practitioners of 
radiology, whether fully or only partly 
skilled. A large standing Army and a vast 
Navy will retain many emergency radiolo- 
gists in service. Those who come out will 
find the people keenly conscious of health 
and disease, demanding examination or 
treatment with every modern agent, in- 
cluding roentgen rays and radium. Radi- 
ologists in great new hospitals, in new medi- 
cal groups and in individual practice will 
be calling urgently for assistants. If the 
post of assistant is not acceptable, any de- 
mobilized medical officer has the right, as 
a physician, to engage in the independent 
practice of radiology, whatever his degree 
of skill in that specialty may be, and a 
united profession will vigorously oppose 
any curtailment of that right. In view of 
these considerations it seems unlikely that 
radiologists presently coming out of mill- 
tary service will have any reason to worry 
over their economic prospects. 

Less easy to solve will be the problem of 
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helping ex-service radiologists to obtain 
the further education and training that so 
many of them will want as a preliminary 
to their certification by the American 
Board of Radiology. From a sentimental 
standpoint it would seem that the Board 
might well waive the usual requirements 
and freely grant its certificate to any can- 
didate, regardless of his qualifications, who 
has served his country in time of war. That, 
however, would be directly contrary to the 
interests of the specialty, of the profession 
and public it serves, and of the candidate 
himself. It would be a fine gesture of fully 
deserved appreciation, but it would also be 
a step backward, a compromise of in- 
tegrity and an imposition on the American 
people; even the recipient of the cheapened 
certificate would have little esteem for it. 


As Secretary of the American Board of 


Radiology I can assert confidently that 
unless and until membership on its Board 
of Trustees is radically changed, it will not 
lower its standards of competence and no 
candidate will receive a certificate unless he 
shows by examination that he is fully quali- 
fied to receive it. On the other hand, the 
Board will not deny its diploma to any 
candidate having served in the armed forces 
who proves his competence, even though 
his preparation may have been unconven- 
tional or irregular in minor particulars. In 
September, 1941, the Board adopted a rule 
that after January 1, 1945, every applicant 
for certification must have had at least 
three years’ instruction in radiology in a 
recognized and approved institution. In 
simple fairness to the ex-service man, this 
rule will have to be so modified as to give 
him at least partial credit for time spent in 
military service because during that period 
he has been deprived of any opportunity 
for formalized graduate training and be- 
cause his military experience has been as 
valuable in certain fields as institutional 
instruction would have been. It is improb- 
able that any further concession from the 
Board can be expected. 

At all events, it is apparent that a large 
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proportion of these ex-service men will ask 
for additional long or short terms of sys- 
tematic instruction in recognized teaching 
centers in order to round out their training, 
and it is going to be difficult to supply 
courses for all who will want them. Before 
the war the radiologic departments of hos- 
pitals and graduate schools were taxed to 
capacity. After the war, with ex-service 
men added to other candidates it will be 
impossible under present conditions to ac- 
cept all applicants. Hence it has been sug- 
gested that ex-service men be sent in 
squads to the teaching centers for a period 
of observation after which the most promis- 
ing students would be chosen to complete 
the course. Personally, I believe that most 
of the teaching institutions could double 
their capacity during the postwar emer- 
gency by reorganizing and streamlining 
their courses in radiology, by making use 
of tutors, by exchanging lecturers and by 
offering intensive short courses like those 
given by the Army. In addition, the re- 
fresher courses given by these two great 
radiologic organizations might well be 
lengthened and broadened by home study 
courses, and independent radiologists not 
affiliated with schools might combine to 
offer similar courses in various localities. 
By these or other measures I| believe that 
the demand for instruction can be satisfied, 
but considerable effort, coordinated plan- 
ning and personal sacrifice will be required. 

By way of conclusion, it may be per- 
tinent at this time to speculate on the prob- 
able influence of demobilized radiologists 
on the general progress of radiology. For 
twenty years progress in this specialty has 
taken the form chiefly of a slow peripheral 
extension and a more homogeneous dis- 
semination of knowledge related to this 
science, with few if any striking new dis- 
coveries. Indeed, the specialty has threat- 
ened to become static, for we, its practi- 
tioners, in our zeal to codify and standard- 
ize it have perhaps been too conservative, 
too ready to accept the limitations pre- 
scribed by so-called common sense and too 
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little inclined to use our imaginations. But 
the young Americans we have been talking 
about have no such inhibitions. They will 
come home with scant respect for fixed 
ideas, taboos and conventional grooves of 
thought. They will question orthodox be- 
liefs that the opacification of tissues for 
roentgenologic examination has practically 
reached its limits, that roentgen diagnosis 
will never be applicable in fields now con- 
sidered out of bounds and that irradiation 
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will always be futile in the treatment of 
certain diseases. And with their abounding 
energy and daring naiveté they will begin 
doing impossible deeds. Then we older radi- 
ologists shall cease to wonder how we can 
help them and begin to wonder at what 
they are doing to help us and our profes- 
sion. 
B. R. 
Medical Corps, Army of the United States 
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Holmes I. Mettel, Baltimore, Maryland 


HOWARD ELMER ASHBURY 
1880-1945 


R. HOWARD ELMER ASHBURY ot 
Baltimore, Maryland, died on Febru- 
ary 20, 1945, of coronary occlusion. Dr. 
Ashbury was born in Baltimore, April 26, 
1880. He received his education in the pub- 
lic schools of Baltimore and graduated from 


the University of Maryland College of 
Pharmacy in 1899, and from the University 
of Maryland School of Medicine in 1903. In 
1904 he attended the Post Graduate School 
of Medicine at the University of Pennsyl- 
vania. Dr, Ashbury’s early training was 
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along the lines of orthopedic surgery, but 
he very soon became interested in roent- 
genology and, through his friendships with 
Drs. Caldwell, Gray, Groover, Cole, Brown 
and others, he obtained a knowledge of 
roentgenology which served him in good 
stead throughout his career. Dr. Ashbury 
was Attending Surgeon at the Hospital for 
Crippled and Deformed Children from 1904 
to 1909; Assistant in Orthcpedic Surgery 
at the Johns Hopkins Hospital from 1g1o 
to 1916; Roentgenologist at St. Joseph’s 
Hospital from 1904 to 1936; Roentgenolo- 
gist at the Hebrew Hospital from igio to 
1921; Associate Roentgenologist at the Uni- 
versity of Maryland from 1923 to 1927. 
His military connections were as follows: 
Consulting Roentgenologist, U. S. Veter- 
ans Administration from 1921 to 1934; In- 
structor in the Military School of Roent- 
genology, Cornell University, N. Y., 1917; 
Professor of Roentgenology United States 
Army Medical School, Washington, D. C., 
from 1917 to 1919; Lieutenant Colonel 
M.C.,A.U.S., June, 1941 to February, 1944. 
He retired from the Army in May, 1944. 
Dr. Ashbury was a Deacon of the Pres- 
byterian Church; a Master Mason; a mem- 
ber of the Arts and Letters Club; Society of 
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Colonial Wars; and Sons of the American 
Revolution. He was a diplomate of the 
American Board of Radiology; member of 
American Roentgen Ray Society, American 
College of Radiology, American Medical 
Association, Baltimore City Medical Soci- 
ety, Medical and Chirurgical Faculty of 
Maryland, and a former member of the Col- 
lege of Surgery. In 1g10 Dr. Ashbury pre- 
sented a paper before the American Roent- 
gen Ray Society on the “X-ray Findings 
in Gastric and Duodenal Ulcers,” in which 
he described flecks in ulcer craters. This was 
severely criticized at the time, but his 
findings were later confirmed and have 
since been considered an important roent- 
gen sign in the diagnosis of gastric and 
duodenal lesions. 

Dr. Ashbury was married to Miss Ellen 
Hicks of Philadelphia on January 9, 1904. 
They have two children, Dr. Howard Hicks 
Ashbury who has taken over his father’s 
practice, ard Helen Bartlett Ashbury. 
Both reside in Baltimore. 

Dr. Ashbury was a man of high ideals, 
thorough and painstaking in his work, and 
he will be long remembered by his many 
friends and colleagues. 

Henry J. Watton 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


UniTep STATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, Iowa. Annual meeting: 1945, canceled. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago. 

Secrion on RapioLoGcy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting: 1945, canceled. 

ARKANSAS RADIOLOGICAL SocIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RADIOLOGICAL Society OF NorTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1945, to be announced. 

RapIoLocicaL Section, BALTIMoRE Mepicat Societry 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON MEDICAL ASSOCIATION 
Secretary, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Rapio.ocicat Section, Connecticut MeEpicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section oN Rapro.ocy, State MEpIcAL Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 


RapDIoLocicaL Section, Los ANGELES County MEDICAL 
ASSOCIATION 
Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL AssOcIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brook_yn ROENTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

BurFALo RADIOLOGICAL SociETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicaGo RoENTGEN SOCIETY 
Secretary, Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 12, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

CincinnaTt1 RADIOLOGICAL SocIETY 
Secretary, Dz. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND Society 
Secretary, Dr. D. D. Brannan, 11311 Shaker Blvd., 
Cleveland 4, Ohio. Meets at 6:30 p.m. at Allerton Hotel 
on fourth Monday each month, October to April, inclusive. 

Dattas-Fort Roentcen Srupy 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meetings held in Dallas on odd months 
and in Fort Worth on even months, on third Monday, 
at 7:30 P.M. 

Denver Cus 
Secretary, Dr. A. Page Jackson, Jr., 1612 Tremont Place, 
Denver, Colo. Meets third Friday of each month at 
Denvér Athletic Club. 


Detroit ROENTGEN Ray AND Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 
FLoriDA RADIOLOGICAL SOCIETY 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
Georcia RaDIOLocIcaL SociETY 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
RADIOLOGICAL Society oF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month, 
RADIOLOGICAL SociETY 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA ROENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in May. 
Iowa X-Ray Cius 
Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medica! Society. 
Special meetings by announcement. 
Kentucky RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 
Lonc IsLtanp RADIOLoGIcAL Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
MINNESOTA RADIOLOGICAL SociETY 
Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 
NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 
New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. George Levene, Massachusetts Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 
New HampsuirE ROENTGEN Ray Society 
Secretary, Dr. Richard C. Batt, Berlin, N. H. Four meet- 
ings a year. 
Rapio.ocicat Society or New Jersey 
Secretary, Dr. H. R. Brindle, 501 Grand Ave., Asbury Pk. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoeENnTGEN SOCIETY 
Secretary, Dr. Ramsay Spillman, 115 East 61st St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 p.m. 
Nortu Caro.ina Roentcen Ray Socrety 
Secretary, Dr. Major Fleming, Rocky Mount, N, C. An- 


Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

Nortu Daxora Rapio.ocicat Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Centrat New York Roentcen Ray Society 

Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 

Three meetings a year. January, May, November. 
Outro Rapio.oaicat Society 

Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 

Ohio. Meets during annual meeting of Ohio State Medi- 

cal Association. 

Paciric RoentGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SociETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Soctrry 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 p.M., in Thomson Hall, College of Physicians, 
21 S. 22d St. 

PrrrspuRGH ROENTGEN Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.m. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rocuester Roentcen Ray Society, Rocuesrer, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 

ital. Meets monthly on third Monday from October to 
ay, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mounrain Society 
Secretary Dr A.M. Popma,220N. First St., Boise, Idaho. 

Sr. Louis Society or 
Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, july, August, and September, at a 
place designated by the president. 

San Dieco RoENTGEN Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Rapro.ocica Society 
Secretary, Dr. Carlton L. Ould, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:45 P.M., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months at Toland Hall, University of California Hospital. 

SHREVEPORT Rapio.ocicat CLus 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

Caroiina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem. 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
egg Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RapIoLocicaL Society 
Secretary, Dr. Asa E. Seeds, Baylor Hospital, Dallas, 
Texas. Next annual meeting, Temple, Texas, Jan. 17, 1945. 

University oF Micnican DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University oF Wisconsin RADIOLocicaL ConFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

Virointa Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Wasuinoton Strate Rapio.ocicar Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets fourth Monday each month, October through May. 
College Club, Seattle. 


X-ray Stupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 
CusBa 
SociEDAD DE Rapio.ocfa y Fis1oTERAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


British Empire 
British InstiruTE OF RapioLocy INCORPORATED WITH 
THE RONTGEN Society 
Medical Members’ meeting held monthly on third Friday 
at 2:30 p.m. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.1. 
SEcTION OF RADIOLOGY OF THE Royat Society or Mep1- 
cinE (ConFINED To MepicaL MEMBERS) 
Meets on the third Friday of each month at 4:45 P.M. 
at the Royal Society of Medicine 1, Wimpole St., Lon- 
don, W. 1. 
Facu.ty oF RaDIoLocisTs 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 
Section oF Rapiococy anp Mepicat Execrriciry, Aus- 
TRALASIAN MEDICAL ConGREss 
Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL AssocirATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
a” Dr. J. W. McKay, 1620 Cedar Ave., Montreal, 
Section oF RapioLocy, CANADIAN MEDICAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Section, New ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


SoutH AMERICA 

SociEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociacién Médica Peruana 
“Daniel A. Carrion, Villalta, 218, Lima. 

ConTINENTAL Europe 

SociepDAD DE Rapio.ocia ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Société Suisse DE (SCHWEIZERISCHE RO6nT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SociETATEA RoMANA DE RaDIOLOGIE st ELEcCTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

A.t-Russian RoENTGEN Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoentGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoEnTGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 P.M. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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NOTICE TO DIPLOMATES OF AND 
CANDIDATES FOR AMERICAN 
BOARD OF RADIOLOGY 


In order to facilitate mailing out notices, 
it is requested that all diplomates of The 
American Board of Radiology and candi- 
dates for certificates, who have been in the 
Armed Services or for any other reason 
have changed their addresses in the past two 
vears, notify the undersigned immediately 
of their present address or an address at 
which mail will always reach the individual. 


B. R. Kirkiin, M.D. 
Mayo Clinic, Rochester, Minn. 


NORTH CAROLINA RADIOLOGICAL 
SOCIETY 

The Fall Meeting of the North Carolina 

Radiological Society will be held on Octo- 

ber 5 and 6, 1945, at Watts Hospital, Dur- 

ham, North Carolina. The following pro- 

gram will be presented on Friday ,October:s: 


Morning Session 

Report on Industrial Commission. J. P. 
Rousseau, M.D., Winston-Salem, N. C. 

Case Report. C. L. Gray, M.D., High 
Point, N.C. 

Case Report. James E. Hemphill, M.D., 
Charlotte, N. C. 

Effects of Roentgen Therapy in Experi- 
mental Virus Pneumonia. George Bay- 
lin, M.D., Durham, N. C. 

Experiences in the Army of the United 
States. G. B. Murphy, M.D., Asheville, 

Boeck’s Sarcoid. Paul P. McCain, M.D., 
Sanatorium, N. C. 

Cutaneous Manifestations of Sarcoid. J. 
Lamar Callaway, M.D., Durham, N. C. 

Bone Lesions in Sarcoid. Robert J. Reeves, 


M.D., Durham, N. C. 


Afternoon Session 
Diagnosis of Bone Lesions in Childhood. 
Vincent W. Archer, M.D., Charlottes- 
ville, Va. 
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Treatment of Carcinomas of the Larynx. 


Hugh F. Hare, M.D., Boston, Mass. 


Saturday afternoon, October 6, is to be 
given over to attendance at the Duke-Navy 
Football Game at Duke University Sta- 
dium, Durham, N. C. 


PROFESSOR ANGEL H. ROFFO EX- 
CEPTED FROM RETIREMENT 
Decree of the Minister of Justice and 

Public Education, General Amaro Avalos, 

excepting Professor Angel H. Roffo from 

complying with the resolution passed by 
the General Assembly of Ministers on Sep- 

tember 19, 1944. 


Whereas: 


As it is stated by the National University 
of Buenos Aires, Dr. Angel H. Roffo, Pro- 
fessor of Cancerology and Director of the 
Institute of Experimental Medicine, in his 
uninterrupted scientific work during more 
than thirty years and in his exclusive dedi- 
cation to cancer research and treatment, 
has raised the Institute to an unquestioned 
scientific degree which, together with his 
constant preoccupation in those social 
problems that arise from this terrible 
scourge, make it indispensable that he re- 
main in charge of the chair and of the Di- 
rection of the Institute mentioned: 


The Ministry of Justice and Public Edu- 
cation resolves: 


To except Dr. Angel H. Roffo, Professor 
of Cancerology and Director of the Insti. 
tute of Experimental Medicine, dependent 
of the National University of Buenos Aires, 
from complying with the decree given by 
the Assembly of Ministers on September 
19, 1944. 

AMARO AVALOS 


Minister of Justice and Public Education 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Roserr B. Tarr, M.D., B.S., M.A., 103 Rutledge Ave. 
Charleston, S. C. 


BODY SECTION ROENTGENOGRAPHY AT AN 
ARMY STATION HOSPITAL 


By CAPTAIN ELI STARR 
Medical Corps, Army of the United States 


T THE Department of Roentgenology 

of this Station Hospital many occa- 
sions arose wherein there was need for body 
section roentgenography. The table of 
basic allowances of the United States Army 
limits roentgen equipment at a station hos- 
pital to the conventional type. To the best 
of my knowledge, apparatus for body sec- 
tion roentgenography is available at few 
Army general hospitals. With this in mind, 
a simple method of adapting conventional 


——_ 
Fic. 1. Table block. 


apparatus for body section roentgenogra- 
phy at Army hospitals was sought. Sim- 
plicity and economy were dominant during 
this investigation. Also the quick and easy 
conversion of the equipment from con- 
ventional roentgenography to body section 
roentgenography, and then back to conven- 
tional roentgenography, was stressed. 

In the interest of economy, materials on 
hand and the help of patients on a recon- 
ditioning program at the occupational ther- 
apy shop were solicited. Actually very 
little material and labor were found to be 
necessary. The sum total of the materials 
consisted of three wood blocks, a wood slat 
45 inches long by 1 inch square, several 
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screws, nails, and 2 large ““C”’ clamps. By 
the sites of attachment of these blocks, 
they have been designated as follows: 


1. Table block (Fig. 1). This consists of 
18 inches of a 2 by 4 inch rafter with set- 
offs at both ends. Through the center of the 
block are several drill holes. Two “C” 
clamps fasten this block to the center of the 
roentgen table. 

2. Tube clock (Fig. 2). The tube block 


Fic. 2. Tube Block. 
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consists of 10 inches of a 2 by 4 inch rafter 
grooved at both ends to fit between the 
horizontal metal arms which support the 
roentgen tube. Through its center is a I 
inch square slot to receive the wooden slat 
(see below). This block was designed for 
the 200 ma. Picker unit (PX-1B). 

3. Film tray block (Fig. 3). This block 
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Fic. 3. Film tray block, 
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measures 4 inches of a 2 by 4 inch rafter. 
It is screwed to the centering arm of the 
film tray of the Potter-Bucky grid on the 


Fic. 4. This shows the components of the unit. 2, 
table block; 37, tube block; 4, film tray block; 
5, 45 in. slat; 6, two “C” clamps. 


200 ma. Picker roentgenographic rcent- 
genoscopic unit (PX-1B). At the free end 
of the block a bolt protrudes to receive the 
lower end of the slat. 


Fic. 5. The unit is shown assembled and ready 
for use. 


Body Section Roentgenography 


Kic. 6. The technician is shown ready to activate 
the motion of tube prior to an exposure. 


The slat is 45 inches long. It has a 3 inch 
long slot at its lower end to receive the bolt 
cf the film tray block. Its upper end fits 
snugly into the tube block. About 6 inches 
from the lower end are several drill holes. 
These are brought in alignment with the 
drill holes of the table block by a long 
sturdy nail. 

When set in motion, this apparatus will 
allow simultaneous longitudinal movement 
of the roentgen tube and film in opposite 
directions. The tube will also tilt as it 
travels along the table, so that the central 
ray is always directed over the part to be 
examined. The fixed axis (point of oscilla- 
tion) about which the slat revolves is in the 
table block and is adjustable to the de- 
sired focal plane level of the patient by 
selection of the drill-hole which lies in that 
focal plane level. The fixed axis always lies 
in the axis of the focal plane level being ex- 
amined. 

No major technical difficulties have been 
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encountered. Technical factors as used for 
conventional roentgenography are quite 
adequate. There have been few exceptions 
wherein the exposure times are varied. The 
Potter-Bucky diaphragm and cone are em- 


Fic. 7. Conventional roentgenogram showing fibrosis 
and a large cavity in the lower half of the right 
upper lobe. 


ployed in most of the exposures. A 36 inch 
target-film distance is most desirable since 
it permits greater range for tube rocking. 
Of the greatest importance is continuous 
and uniform motion of the tube and film 
during the entire exposure. As a matter of 
fact, the motion should begin prior to the 
exposure and should continue beyond it. 
This is analogous to the principle of motion 
in the Potter-Bucky diaphragm. In order 
to insure these aims, it was found practical 
to tilt the tube through 15 degrees to either 
side of the perpendicular in a time interval 
a little greater than that of the exposure 
time. A technician responsible for the mo- 
tion of the tube was instructed to re- 
peatedly tilt the tube through the 30 de- 
grees until he was able to cover that 
distance within the allotted time. Having 
thus synchronized the pull, the tube was 
placed at 15 degrees from the perpendicu- 
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lar. Motion was begun and the exposure 
made. Roentgenograms produced in this 
manner are of good diagnostic quality. 
The following case is included to il- 
lustrate the efficacy of this apparatus. 


The patient, a male, aged thirty-four, was 
admitted to this hospital with a history of 
blood-streaked sputum, loss of weight, and 
afternoon elevation of temperature. Sputum ex- 
aminations were positive for acid-fast bacilli on 
three occasions. Roentgenographic examination 
of the chest (Fig. 7) showed dense fibrotic le- 
sions in the lower third of the right upper lobe. 
These extended from the upper pole of the right 
lung root to the pleura, which was also thick- 
ened. A cavity, about 3 cm. in diameter, was 
demonstrated above these lesions, however it 
was not well defined. Body section roentgeno- 
grams were made with the apparatus described 
above. Figure 8 clearly demonstrates the cavity 
and the involvement of the lower portion of the 
right upper lobe. 


Fic. 8. Body section roentgenogram of the same 
chest, showing the walls of the cavity and the 
fibrosis of the lower third of the right upper lobe. 


SUMMARY 


A simple and inexpensive apparatus for 
adapting conventional roentgenologic ap- 
paratus for body section roentgenography 
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has been described. The ease of application 
and removal of this apparatus from the 
conventional roentgenologic equipment has 
been stressed. The method of operation and 
the technical considerations have been in- 
cluded. An illustrative case has been ap- 
pended. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
GENITOURINARY SYSTEM 
SoiLAND ALBERT. Peyronie’s disease or plastic 
induration of the penis. Radiology, Feb., 
1944, #2, 183-185. 


About 650 cases of plastic induration of the 
penis have been reported. In 1934 the author re- 
ported 6 cases in which irradiation had given 
fairly satisfactory results. In this article he re- 
ports 11 further cases and tabulates the results. 
As this is a keloid type of lesion, surgery is not 
effective. Most of the patients are over forty 
years of age and the chief complaints are pain 
and distortion on erection that may make coitus 
impossible. Radiation treatment causes loss of 
libido and though the author has had the best 
clinical results with a 4gm.radium pack and has 
carefully screened off the testicles he has not 
been able to prevent this result. Younger pa- 
tients should be warned of the possibility. 

Practically all types of irradiation have been 
used and practically all of them have given good 
results. All cases should be carefully studied and 
reported in an effort to work out the best dos- 
age and method of irradiation.-dudrey G. 
Morgan. 

SKELETAL SYSTEM 
Facer, G. H., and Mayorat, A. Bone changes 
in leprosy; clinical and roentgenologic study 

of 505 cases. Radiology, Jan., 1944, 42, 1-13. 

The bone changes of leprosy are found 
chiefly in the neural form rather than in the 
lepromatous or nodular form of the disease. 
Among the 505 patients observed at the Na- 
tional Leprosarium and discussed in this article, 
there were bone changes in 64 per cent of the 
neural cases, in only $5.6 per cent of the leprom- 
atous cases and in 33 per cent of the cases of 
the mixed type. Both the neural and leproma- 
tous cases generally show changes of the mixed 
type in the late stages. 

The bone changes in the neural type do not 
result from the presence of the bacilli of leprosy 
in the bone but are neurogenic and similar to 
those found in other neurotrophic diseases, such 
as syringomyelia, tabes dorsalis, and others. 


They’ consist of a slow and intensive absorption 
of bone. This is hastened and increased by 
trauma, as shown by the fact that it is most pro- 
nounced in the hands at the ends of the pha- 
langes, which are most subject to injury, and in 
the feet at the ball of the foot which bears the 
weight of the body. The appearance of the bone 
is like that of a stick of candy that is being 
sucked away. The differential diagnosis of the 
bone changes in leprosy must be based on clini- 
cal and neurological signs as well as on roentgen 
findings. 

The bone changes found in the lepromatous 
form of the disease were enlarged nutrient ca- 
nals, cyst formation, necrosis, osteomyelitis and 
periostitis. The enlarged nutrient canals are 
produced by infection of the nutrient vessels 
with leprosy bacilli. Bone cysts are due to direct 
action of Hansen bacilli infecting the marrow 
canal. 

Secondary infection generally occurs sooner 
or later in leprosy cases and confuses the pic- 
ture. It is hard to differentiate lepromatous 
osteomyelitis from pyogenic osteomyelitis but 
in the pyogenic variety there is rapid destruc- 
tion with no regeneration, while in the leprous 
form the development is slow and there may be 
regeneration of bone. Arteriograms were taken 
in these cases. The changes in the blood supply 
did not run parallel to the neurotrophic bone 
absorption in the neural cases but in the leprom- 
atous and mixed cases there were localized 
arterial defects and decrease in size of the 
branches of the arteries that suggest that these 
lesions are vascular in origin. In the upper ex- 
tremities there may be atrophy and contracture 
of the muscles or bone absorption but generally 
the two types of change do not occur together. 

Audrey G. Morgan. 


Cooney, J. P., and Crossy, E. H.Absorptive 
bone changes in leprosy. Radiology, Jan., 
1944, 42, 14-19. 

Leprosy affects all the tissues of the body, 
particularly the skin, nerves, blood vessels and 
bones, and foci of leprosy have even been found 
in the lungs. The phalanges of the hands and 
the metatarsals and tarsals of the feet may be 
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completely absorbed. The authors made a close 
study of 15 cases of leprosy in an attempt to ex- 
plain this complete concentric absorption of 
bone. They find that there are three factors in 
bringing about this result, namely disturbances 
of circulation, anesthesia and pressure. When 
the circulation to the bone is decreased the bone 
undergoes consolidation with increased density 
and osteosclerosis. Leprous degeneration of the 
peripheral motor and sensory nerve trunks and 
degeneration of the tracts of Goll and Burdach 
in the spinal cord bring about the anesthesias of 
leprosy and the neurocirculatory disturbances. 
Improvement in the local !eprous lesions in the 
feet has been demonstrated after novocain 
nerve block. Pressure which is the third factor 
in bone absorption, does not cause pain because 
of the anesthesia. Pressure is from local lesions 
in the soft tissues of the hands and feet and 
from use, as shown by the fact that the destruc- 
tion is greatest in the phalanges of the hands 
which are most subject to use and therefore to 
injury, and in the arches of the feet which are 
subject to weight bearing. 

These three factors of circulatory disturb- 
ance, anesthesia and pressure account for all 
the bone changes in leprosy._-4udrey G. Mor- 
gan. 


Wo rr, Ernest, and Notan, Lewis E. Mul- 
tiple myeloma first discovered in the mandi- 
ble. Radiology, Jan., 1944, 42, 76-78. 


Acase of myeloma first discovered in the man- 
dible and apparently originating there is de- 
scribed. No such case has been described before. 
These tumors are usually present in more than 
one bone at the time of discovery and myeloma 
has not infrequently been found microscopically 
in bones that appeared to be normal on roent- 
gen examination. 

The patient was a colored woman forty-four 
years of age who complained of paifi and swell- 
ing in the left side of the lower jaw which had 
persisted for eight weeks. Roentgen examina- 
tion of the jaw showed a large, sharply defined, 
circumscribed area of decreased density involv- 
ing the greater part of the body of the left man- 
dible, extending from the symphysis to the 
angle, with only a thin shell of bone remaining 
at the margin of the tumor. There was no evi- 
dence of new bone formation. The bones of the 
limbs and trunk were normal but roentgen ex- 
amination of the skull showed minute, punched- 
out areas in both parietal bones. Microscopic 
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examination of a biopsy specimen from the jaw 
showed myeloma of the plasma cell type. 

Roentgen treatment was given and after 
1,500 r had been administered the pain and 
swelling subsided. The patient has been under 
observation for eighteen months and there has 
been no recurrence, but roentgen examination 
shows a gradual increase in the size of the 
punched-out areas of rarefaction in the parietal 
bones. 

Biopsy examinations should be made in all 
noninflammatory lesions of the mouth and jaws. 
Audrey G. Morgan. 


Harmon, Paut H., and Apams, Carrout O. 
Pyogenic coxitis 1. End-results and consider- 
ations of diagnosis and treatment. Surg., 
Gynec. & Obst., April, 1944, 78, 371-390. 
This paper is based on a study of 147 hip 

joints in 132 patients. | 


Etiology and Incidence. 


1. Infection of the hip and surrounding struc- 
tures in this series of cases occurred through the 
blood stream. In 69 hips, data for which were 
obtainable, the origin of bacteria was from the 
upper respiratory tract (including the ear) or 
from the skin. 

2. The causative organism per se does not 
condition the amount of bone destruction. Ex- 
tensive osteomyelitis with gross bone loss may 
result from either b-hemolytic streptococcus or 
from staphylococcus infection but usually the 
extent of bone involvement is less and primary 
synovial infection more common when strepto- 
cocci are the causative organisms. 

3- Males are more frequently affected than 
females. 


Diagnosis 

1. Symptoms: Pain, muscle spasm about the 
hip with the femur in a position of flexion and 
external rotation. 

2. Aspiration of the hip joint with or without 
arthrotomy is the only method of establishing 
the diagnosis in doubtful cases. Diagnosis by 
aspiration is often possible many days and 
weeks before roentgenograms show a bone focus. 

3. Roentgenograms: Two general courses of 
this condition can be described: (1) The in- 
creased intracapsular pressure produces dislo- 
cation. The loss of articular cartilage can be in- 
ferred only when the bony cortex is eroded. The 
loss of bone and shortening due to it are de- 
pendent upon the extent of bone involved by in- 
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fection and the efficacy of traction employed in 
treatment. Late shortening may be the result of 
closure of the upper femoral epiphysis. Unless 
dislocation is present, the amount of shortening 
is usually negligible. (2) When joint distention 
and subsequent dislocation do not occur diffuse 
narrowing of the joint space which is usually 
still occupied by some articular cartilage devel- 
ops. This alteration may be followed by surface 
erosion of the underlying articular bone cortex. 
Rapid osseous ankylosis is then the end-result 
of this type. 


Differential Diagnosis 


1. Tuberculosis of the hip—destruction is 
marginal or in the metaphysis and unassociated 
with sclerosis, “kissing sequestra” may be pres- 
ent, joint space usually preserved longer, 
tuberculin reactions usually positive. 

2. Legg-Calvé-Perthes’ disease—widening of 
femoral neck, flattening of the head with mini- 
mal changes in the acetabulum. 

3. Slipped femoral epiphysis—coxa vara and 
external rotation of the distal fragment. 

4. Chronic nonspecific arthritis—loss of joint 
space without deformity followed later by mar- 
ginal hypertrophic changes and sclerosis in the 
weight-bearing portions. 

§. Osteochondritis dissecans—the point of 
origin in the articular cortex from which the 
sequestrum has separated may be identified. 

6. Aseptic necrosis of femoral head—usually 
history of trauma with fracture of neck or dis- 
location. 

7. Old congenital dislocations—typical his- 
tory of disability beginning the second year of 
life. 

8. Other conditions to be differentiated in- 
clude osteogenic and chondrosarcoma, meta- 
static tumors, syphilitic bone involvement, 
hemophilia, idiopathic subperiosteal changes in 
the newborn, xanthomatosis, fibrocystic dis- 
ease, neurofibromatosis with bone involvement, 
caisson disease, echinococcus cysts, and bone 
islands.—Mary Frances Vastine. 


Harmon, H., and Apams, O. 
Pyogenic coxitis 2. Indications for surgical 
treatment in residual and chronic stages and 
end-results of reconstruction in $3 patients. 
Surg., Gynec. & Obst., May, 1944, 78, 497- 

_ Inthe authors’ previous communication deal- 

ing with end-results from suppuration in the 

hip joint, the cases were found to fall naturally 
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into three groups: (1) from zero to three years 
of age, inclusive; (2) from four to twelve years 
of age; and (3) an “adult” group thirteen years 
of age and over. In'the first two groups, espe- 
cially in the second group which included the 
bulkof the cases,a movable and painless hip often 
resulted and was a desirable end-result, even 
though a variable amount of bone of the fem- 
oral neck was lost through suppuration and 
even though osteoarthritis might supervene 
three decades later. A stable fused hip, es- 
pecially if superior displacement and disloca- 
tion were prevented by traction, was the usual 
outcome in adults and in certain cases in the 
juvenile and adolescent groups. This outcome 
appears likewise desirable. Indeed, in the older 
cases, if bony union did not occur with elimina- 
tion of the joint, pain was the usual outcome. 
The authors have found it convenient to re- 
tain the classification of cases according to age 
in considering the indications for, and end-re- 
sults from, operative treatment of the residual 
deformities met with in this group of cases. 


Analysis of Observations 


1. No dogmatic statement can be laid down 
as to the optimum age at which reconstructive 
procedures should begin. 

2. In the case of long continued discharge 
from deep sinuses, the measures aimed at clos- 
ing these are quite effective. These measures 
include the elimination of sequestra, epithe- 
lialized sinuses and chronic osseous abscesses. 
In a few months after subsidence of the acute 
phase, measures can be undertaken to eliminate 
discharge from draining sinuses that promise 
not to close otherwise. 

3. The procedures used in reconstruction of 
the single hip damaged by suppuration are 
highly successful in juveniles. In adolescents or 
young adults these plastic operations, including 
the acetabular shelf, do not give satisfactory 
results largely because of subsequent pain. 

4. Malposition at the fused hip should not 
receive surgical attention until after the ap- 
proximate age of twelve to thirteen years unless 
the malposition is grossly exaggerated (when it 
may be necessary to correct it by osteotomy). 
It must be remembered that osteotomy at the 
earlier ages is seldom a permanent correction as 
a portion or all of the deformity will recur and 
need a later correction. Osteotomy in the pres- 
ence of a movable hip is not subject to the same 
rigid age limitations as this is usually done to 
increase hip stability. 
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5. In general, surgical stabilization of slightly 
movable hips and positional correction in those 
already naturally ankylosed by the acute dis- 
ease yield better permanent results (in terms of 
painless extremities serviceable in weight-bear- 
ing) than arthroplastic attempts to secure a 
movable hip. Indeed, a number of hip joint 
arthroplastic procedures were unsatisfactory 
when performed upon hips ankylosed as the re- 
sult of suppurative joint disease. Subsequent 
collapse of the newly formed femoral head was 
the chief cause of failure. This complication arose 
because of the altered vascularity produced by 
sclerosis of this portion of the bone. 

6. For the equalization of leg length, the 
bone shortening operations yielded uniformly 
satisfactory results in the writers’ hands. The 
epiphyseal arrest operations that were per- 
formed were largely done upon adolescent girls 
and were performed too late, since at that time 
it was not fully appreciated that longitudinal 
growth of the long bones in girls often ceases as 
early as eleven to thirteen years. The leg short- 
ening operation can be applied in the growing 
child in the latter half of the growth period pro- 
vided prolonged previous observation has es- 
tablished the fact that the leg length discrep- 
ancy is not a progressive one. 

7. The least satisfactory end-results were 
seen in patients presenting bilateral deformi- 
ties from acute involvement of both hips. Since 
these patients were seen before the modern era 
of arthroplasty, little treatment was attempted 
in them.—Mary Frances Vastine. 


Wo ttn, Irvinc. Tabetic arthropathy of the hip. 
Radiology, Jan., 1944, 42, 79-80. 


Roentgenograms are given showing the prog- 
ress of a case of Charcot hip from the early 
stage when there were no roentgenologically 
demonstrable changes in the bone, up to the 
stage of complete disruption of the architecture 
of the head and a part of the neck of the femur. 

The patient was a white woman, fifty-seven 
years old, admitted to hospital July 13, 1936. 
Four weeks before she had fallen, bruising her 
left thigh. Since that time she could not bear 
her weight on the left leg. It was painless. She 
had had tabes dorsalis for twenty-six years. 
Roentgenograms showed dislocation of the left 
hip but no apparent involvement of the joint 
surfaces. The next day the hip was reduced and 
a cast put on. The roentgen appearance was 
that of a normal joint. The cast was removed 
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and the joint slipped out again. This was re- 
peated several times. She was last seen August 
30, 1937, when she showed an eversion deform- 
ity with 13 inches of shortening. The roent- 
genogram showed complete disruption of the 
architecture of the head and a part of the neck 
of the femur. The end of the femur was dislo- 
cated upward and made no contact with the 
acetabulum. She refused further treatment. 

This case seems to support the theory that 
Charcot hip may be caused directly by injury 
but that the predisposing cause is the loss of 
protection caused by hypotonicity of the mus- 
cles.—Audrey G. Morgan. 


Hart ey, J. Brarr. “Exhaustion” fracture of 
the spine. Brit. F. Radiol., Nov., 1943, 16, 
348-350. 


Fatigue or exhaustion fracture is not well 
known in England. It is more common in 
Scandinavia, continental Europe and Japan. It 
generally occurs in weight-bearing bones and is 
seen in nonweight-bearing ones only when they 
are subjected to some unusual stress or strain. 
This was true in the case described here in a 
healthy boy seventeen years of age, 5 feet 10 
inches tall and weighing Io stone, 2 pounds. He 
had for some time been driving a heavy coal 
lorry and carrying the hundred weight sacks on 
his back to the customers’ cellars. He turned his 
back to the sacks and pulled them up on his 
back where they rested on the lower cervical 
and upfer dorsal region. In May, 1943, he was 
admitted to the hospital with a diagnosis of 
Pott’s disease based on a history of pain and 
tenderness on pressure in the upper dorsal re- 
gion for some three weeks. At the end of this 
period he suddenly collapsed with very severe 
pain in the dorsal region. It was sudden in onset 
and “tearing” in nature ‘and the patient could 
not sit up without assistance. On admission to 
the hospital there was tenderness on pressure in 
the mid-dorsal region but no evidence of sys- 
temic disease. The patient had had the usual 
diseases of childhood but no illness since the 
age of fourteen. Roentgenograms showed that 
the fifth dorsal vertebra was wedge shaped, 
having collapsed much in the manner of com- 
pression fracture except that the outlines were 
entirely clean and there was no evidence of 
marginal injury. Bone structure was normal and 
the only abnormal finding was the approxima- 
tion of the upper and lower aspects in front. The 
intervertebral discs were all normal. Control 
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roentgenograms after a week during which the 
patient had been in bed showed further collapse 
of the fifth dorsal body; it also showed that 
there was no demonstrable change in any of the 
other vertebrae. A diagnosis of fatigue fracture 
was therefore made; that is, a fracture in ap- 
parently normal bone as a result of overload. 
The site that has suffered stress continues to 
deteriorate even after the load is removed. 

The patient is now immobilized in a Whit- 
man frame; he is comfortable as long as at rest 
and in two months’ observation has not shown 
any evidence of systemic disease. A future re- 
port will be made on his progress which it is 
hoped will contribute to a better understanding 
of fatigue fracture.—Audrey G. Morgan. 


A. C. Spondylolisthesis; general 
consideration with emphasis on radiologic 
aspects. Radiology, Feb., 1944, 42, 143-158. 


Spondylolisthesis is a slipping of the fifth 
lumbar vertebra on the first sacral, usually for- 
ward, as a result of a defect in the interarticular 
part of the neural arch of the vertebra. Pre- 
spondylolisthesis is a zone of inadequate ossifi- 
cation in the arch which may later result in 
slipping. Some authors think the condition is 
congenital while others think it is caused by 
trauma. The author is inclined to think it is 
traumatic, at least that trauma is the exciting 
cause, though there may be a congenital lesion 
as a predisposing factor. He discusses 1§ cases 
of prespondylolisthesis and spondylolisthesis dis- 
covered in the routine spinal examination of 142 
soldiers, an incidence of over 10 per cent, which 
is very high. This may be due to the fact that 
soldiers lie in the most frequent age group for 
this condition and that they are subjected to 
unusual strain in military life. Over 50 per cent 


of these cases were prespondylolisthesis and 4 of 


them were discovered incidentally in abdominal 
examinations. 

The patients may complain of symptoms, 
such as low back pain, weakness, fatigue or 
stiffness of the lower back, but roentgen ex- 
amination is necessary for definite diagnosis. 
If the lesion is detected early its further progress 
may be prevented by adequate measures. 
Therefore a detailed description of the anatomy 
of the region is given and the article illustrated 
by many roentgenograms and diagrammatic 
drawings of the conditions found. The author’s 
routine study of the lumbosacral region includes 
anteroposterior, direct and accurate lateral and 


Abstracts of Roentgen and Radium Literature 321 


right and left anteroposterior oblique views; 
also the lumbosacral angle view (45° tilt). He 
believes the most important views are the an- 
teroposterior, the right and left oblique and the 
true lateral. Good technique is absolutely nec- 
essary. The condition is progressive and a con- 
stant search should be made for it in both mili- 
tary and civilian patients. It may be important 
from a medicolegal as well as a clinical point of 
view.—Audrey G. Morgan. 


Osterz, BenjAMIN E. Fresh fractures of the 
carpal scaphoid. Surg., Gynec. & Obst., Jan., 
1944, 73, 83-90. 


Fractures of the carpal scaphoid occur almost 
exclusively in vigorous young adult males. This 
report is based on a study of 45 consecutive 
carpal scaphoid fractures which occurred in an 
infantry training camp during an eighteen 
month period. 

Anatomy of the Carpal Scaphoid. This is the 
largest bone in the proximal row of the wrist. 
The mid-portion is constricted and is known as 
the “waist.” It is at this point that most of the 
fractures occur. It has been estimated that a 
fracture through the waist can interrupt the 
blood supply to the proximal fragment in be- 
tween 13 and 33 per cent of the cases. 

Mechanism of Fracture. 1n most instances, the 
history given is that of a fall to the ground. In 
attempting to break the fall, the victim lands on 
his outstretched hand. Usually the heel of the 
palm is the first to strike the ground. The wrist 
does not hyperextend. (If it did, the result 
would probably be a Colles fracture instead of 
a scaphoid fracture.) 

Clinical Symptoms and Signs. There is little 
or no swelling in the wrist. A tender point is 
present in the anatomical snuff-box. Pain is elicit- 
ed on passive motion of the wrist in all planes. 

Roentgenology. Roentgenograms of the wrist 
are taken in four positions on a 10 by 12 film. 
The usual anteroposterior and lateral views are 
supplemented by one anteroposterior view in 
ulnar deviation and a posteroanterior view in 
45 degree oblique. 

Once the fracture is recognized in the four- 
view film the repair process can best be studied 
in the single ulnar deviation view repeated at 
three to four week intervals. Of the 45 frac- 
tures studied, 35 were through the waist of the 
bone, while 10 were through the proximal pole. 
There were no fractures of the tubercle found 
in the series studied. 
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Fracture Physiology. During the first two 
weeks, there is an acidity at the site of the 
fracture which brings about a localized absorp- 
tion of calcium salts. This causes the fracture 
line to be wider and more distinct on the roent- 
genogram taken a few weeks after fracture. The 
reactionary hyperemia during the first few 
weeks causes the liberation of minute quanti- 
ties of histamine and acetylcholine as a result 
of which the bones undergo decalcification and 
osteoporosis. If the blood supply is interfered 
with, the bone does not decalcify but retains its 
normal radiologic density. 

There is a lack of subperiosteal callus forma- 
tion in the scaphoid so reliance on the healing 
state must be put on the disappearance of the 
fracture line. A persisting fracture line beyond 
ten to twelve weeks is indicative of delayed 
union. 

Types of Scaphoid Fractures. (1) Fractures 
without interruption of the blood supply to 
either fragment. (2) Fractures with interrup- 
tion of the blood supply to the proximal frag- 
ment. 

Concept of Temporary Avascularity. This con- 
cept is demonstrated in the type 2 fracture. 
Immediately after the fracture is immobilized 
the healing process begins. Fibrous granula- 
tions grow across the fracture site bringing new 
blood vessels from the distal to the proximal 
fragment. This process is fairly rapid and within 
a few weeks the blood supply is more or less 
completely restored. In this manner necrosis of 
the proximal fragment is prevented. 

Clinical Significance of Temporary Avascu- 
larity. Excision should be performed only when 
there is positive roentgen evidence of nonunion 
of the fracture and aseptic necrosis of the prox- 
imal fragment as seen by creeping substitution 
with its irregular mottled density and partial 
collapse. 

Treatment. It is imperative that the wrist be 
immobilized as soon as possible after the frac- 
ture. The immobilization must be complete, un- 
interrupted, and maintained until there is 
definite roentgen evidence of healing.—Mary 
Frances Vastine. 


E. Rowan. Two congenital deformi- 
ties of the tibia: congenital angulation and 
congenital pseudarthrosis. Brit. ¥. Radiol. 
Dec., 1943, 76, 371-376. 


Two congenital abnormalities of the tibia are 
described: anterior angulation and _pseudar- 
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throsis. Four cases are described and roent- 
genograms of the findings given. Congenital 
angulation of the tibia is often associated with 
other bone defects, such as congenital absence 
of the fibula and congenital dislocation of the 
hip; this suggests that the condition is brought 
about by a disturbance of mesenchymal growth 
due to some inherent defect in the germ plasm. 
Middleton believes that all such deformities as 
angulation of the tibia, elevation of the scapula 
and multiple contractures of the limbs are 
caused by a failure of growth in length of the 
myocytes. This theory is discussed in connec- 
tion with the descriptions of the individual 
cases. 

In congenital pseudarthrosis the primary de- 
fect is a failure of local osteogenesis. Frequently, 
however, the child is born with an angulation 
of the tibia. A fracture occurs later at the site 
of the angulation and pseudoarthrosis follows 
healing. Or it may result from treatment for the 
angulation. In such cases the pseudarthrosis it- 
self is not really congenital. The fact that a 
roentgen examination does not show a normal 
bone structure does not mean that it is neces- 
sarily absent. It may be present in the form of 
cartilage which has not undergone normal ossi- 
fication. 

If a child at birth shows any angulation or 
other abnormality of the bones of the limbs a 
roentgen examination should be made within a 
few days to determine the nature of the abnor- 
mality and the child should be placed at once 
under the care of an orthopedist. The func- 
tional outlook in these cases is not good. 
Audrey G. Morgan. 


GENERAL 


Paterson, Ratsron. “A helping hand.” Brit. 
F. Radiol., 1943, 16, 351-353. 


This is a suggestion for help in reorganizing 
the disorganized radiological services in the 
devastated countries of Europe. Much material 
will have been destroyed and personnel scattered 
often beyond hope of recall. The governments 
of the allied countries will attend to the more 
obvious needs of food, shelter and clothing, but 
the radiologists themselves will have to attend 
to the matter of rebuilding radiological teach- 
ing and practice. There will be great need for 
plant and accessories of all types, manpower, 
education in all its forms and direct help in re- 
organization. 

The author suggests the plan of radiological 
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units in England ‘‘adopting” certain units in 
the devastated countries, something after the 
manner in which schools have adopted mer- 
chant ships, for example. The adopting unit 
would assume the task of sending men and ma- 
terial to the adopted one. Birmingham could 
adopt Brussels, for instance, or Edinburgh, 
Warsaw. The men sent over to help in teaching 
and reorganization would remain on the staff 
and the payroll of their native city, so there 
would be no question of sacrificing permanent 
positions for ones that would necessarily be 
temporary. This scheme should be extended not 
only to the European countries but to China, 
where it would be a question not only of reor- 
ganization but of building up radiological and 
medical surfaces from the ground up. 

The scheme could be extended by asking 
American radiologists to join in it, and the 
author believes that with their usual generous 
spirit the plan would spread rapidly there. This 
would establish a good foundation for the crea- 
tion of a new International Radiological So- 
ciety. -dudrey G. Morgan. 


BarcLay, A. E. Radiology—empiricism or 
science? Brit. ¥. Radiol., Nov., 1943, 76, 
344-347: 

The author discusses some of the serious mis- 
takes that have been made in radiology, all 
based essentially on the fact that roentgen-ray 
methods were used to demonstrate pathology 
before the normal findings were thoroughly in- 

vestigated. He points out these mistakes 1 

radiology not to disparage the great results res 

have been accomplished in spite of all errors, 
but to show that the scientific approach to the 
problems of radiology must always be used. 

Mere empiricism will not accomplish the desired 

results, and if the possibilities of disaster were 

great in the comparatively simple radiology of 
the beginning period they are infinitely greater 
now when the field of radiology has widened so 
greatly. Along with increasing opportunity in- 
creasing responsibility has developed.—Audrey 
G. Morgan. 


Martin, Hayes, and Morrir, H. Mason. 
Cervical lymph node metastasis as the first 
symptom of cancer. Surg., Gynec. & Obst., 
Feb., 1944, 78, 133-159. 

The purpose of this report is to discuss the 
phenomenon of cervical lymph node metastasis 
appearing as the initial symptom of cancer 
from the standpoints of incidence, site of the 


silent primary lesion and clinical course, with 
special reference to differential diagnosis. The 
data used were obtained from review of about 
3,800 consecutive cases observed at the Me- 
morial Hospital from 1933 to 1937. 

Incidence of Cervical Metastasis as a First 
Symptom of Cancer 

The appearance of a cervical swelling or 
mass (metastasis) was the first and for a time 
the only symptom noted by the patient in about 
8 per cent of all cases of cancer of the mouth, 
pharynx, and thyroid. 

The primary growths, if above the level 
of the clavicle, are most often found in the tonsil 
or nasopharynx, followed next in the order of 
frequency by the tongue, extrinsic larynx, floor 
of the mouth, palate, and paranasal sinuses. 

The occurrence of a supraclavicular mass, 
usually on the left and sometimes referred to as 
the signal node has long been considered of par- 
ticular significance as suggesting the presence of 
a silent primary malignant growth below the 
level of the clavicle. It appears to the authors 
that the signal node is sometimes an early but 
rarely an initial symptom. 

Symptoms and Clinical Course of Cancer Ap- 
pearing First in the Form of Cervical Metastasis. 

Cervical lymph node metastases may 
reach a diameter of 7 to 8 cm. or even larger 
without producing any objective symptoms 
other than visibility and palpability. 

Disregarded initial or early symptoms of 
the primary lesion include slight though persist- 
ent deafness or “‘stuffiness” in one ear, slight 
soreness of the throat or mild dysphagia. 

The most frequent initial symptom in 
nasopharyngeal cancer is cervical metastasis 
(in over 50 per cent of all cases). The reason 
that so large a proportion of these silent pri- 
mary growths are at first missed is that this an- 
atomic site requires special apparatus (head- 
light, throat mirror, soft palate retractor), and 
a skill acquired only after considerable expe- 
rience. 

4. In the case of a carcinomatous cervical 
tumor, the authors consider as inconclusive any 
single negative examination for a primary lesion 
in the mouth and pharynx no matter how com- 
petent the observer. The survival of the patient 
for at least five years is the only tenable proof 
that there is no primary growth elsewhere. 


Diagnosis. 
The clinical picture in cases of initially 
symptomatic cervical metastasis is typical. 
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There is slow, gradual, progressive asymmet- 
rical enlargement of one or more nodes with- 
out any subjective symptoms. Such nodes 
should always be considered cancerous until 
proved otherwise. If a silent primary lesion is 
not discovered on first examination, it is wise to 
make an aspiration biopsy of the suspected 
cervical metastasis. 

2. If the pathological report is anaplastic car- 
cinoma, transitional carcinoma or lymphoepi- 
thelioma, the primary lesion may be suspected 
as being in Waldeyer’s ring (base of tongue, 
tonsil, or nasopharynx); if the report is epider- 
moid or squamous carcinoma, the primary le- 
sion may be somewhere in the mouth or phar- 
ynx but usually outside Waldeyer’s ring; if the 
report is adenocarcinoma, the primary tumor is 
probably in one of the major salivary glands, 
the thyroid, or in an infraclavicular viscus. 

3. The forms of cancer which are commonly 
believed to occur primarily in cervical lymph 
nodes are, in order-of frequency: 


a. Lymphosarcoma. Experience in the head 
and neck clinic has produced strong evi- 
dence that lymphosarcoma above the 
level of the clavicle usually occurs as a re- 
sult of a single discrete primary lesion in 
some portion of Waldeyer’s ring. 
Hodgkin’s disease. The chances in an adult 
of an enlarged cervical node being involved 
by metastatic cancer are far greater 
(about 9 to 1) than of its being a primary 
lymphoma. In general, Hodgkin’s lymph 
nodes are firm and scattered in the neck. 
The apparent origin of the disease is most 
often (65 per cent) in the neck. 

Leukemia. In the early leukemic phases, 

only a slightly abnormal blood picture 

may be found and differentiation is then 
difficult. 

d. Primary carcinoma of cervical lymph 
nodes. It seems to the authors that the 
evidence for the existence of epithelial 
rests within lymph nodes giving rise to 
cancer is rather tenuous. 

e. Endothelioma. The records of the past 
twenty years of the Memorial Hospital 


contain no instance of endothelioma of 


cervical lymph nodes. 
4. Other conditions to be considered in dif- 
ferential diagnosis include: 
a. Thyroid and aberrant thyroid cancer. 
b. Branchiogenic carcinoma. 
c. Carotid body tumor. 


d. Primary tumors of soft parts of the neck 
(excluding lymph nodes). 

e. Acute infection. 

f. Tuberculosis. 

g. Syphilis. 


h. Branchiogenic and_ thyroglossal cysts.—- 


Mary Frances Vastine. 


KepLerR, Epwin J., Dockerry, Maco. B., 
and Priestty, James T. Adrenal-like tumor 
associated with Cushing’s syndrome (so- 
called masculinovoblastoma, luteoma, hyper- 
nephroma, adrenal cortical carcinoma of the 
ovary). Am. F. Obst. & Gynec., Jan., 1944, 
47 43-62. 


It is well known that arrhenoblastomas of the 
ovary masculinize their hosts. However, it is 
not generally appreciated that other tumors of 
the ovary also are capable of producing similar 
changes in sexual characteristics. Unlike ar- 
rhenoblastomas, these tumors are associated 
with many of the general and metabolic symp- 
toms, such as hypertension, cutaneous striae 
and diabetes, that characterize Cushing’s syn- 
drome, Cushing’s disease and tumors of the 
adrenal cortex. The authors feel that it is wise 
to speak of these tumors of the ovary as “‘adre- 
nal-like ovarian tumors.” To date, 13. well 
authenticated cases of such adrenal-like ovarian 
tumors have been reported in addition to the 
one which is reported in this article. They are 
discussed from the following standpoints: 

Histogenesis. From the standpoint of pure 
cytology the origin of these tumors Is a histo- 
genic jigsaw puzzle. Histopathologically, these 
tumors conceivably might arise from one of the 
following structures: (1) the adult corpus lu- 
teum; (2) a pre-existing granulosa-cell tumor; 
(3) an adrenal cortical ovarian rest, and (4) 
through excessive development of certain cel- 
lular elements (adrenal cortical?) in a teratom- 
atous growth. The origin from adrenal cor- 
tical rests seems the most probable. Some of the 
tumors appear to be cytologically malignant 
and in one instance death resulted from metas- 
tasis. 

Clinical Manifestations. These tumors tend 
to be characterized by pathognomonic changes 
in the facies and habitus which were described 
by Cushing. In addition, there is amenorrhea, 
hirsutism, acne, enlargement of the clitoris and 
other symptoms usually considered to be indi- 
cative of masculinization. Of particular interest 
is the occurrence of an unusual combination of 
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symptoms, namely, hypertension, polycythe- 
mia and diabetes. 

Urinary Hormonal Substances. At present, 
the tendency is to emphasize the significance of 
the presence of excessive quantities of 17-ketos- 
teroid material in the urine of adrenal cortical 
tumors. From the authors’. experience with a 
number of cases of proved adrenal cortical 
tumor, they do not believe there is reason to be- 
lieve that the excessive excretion of these com- 
pounds is necessarily a concomitant of adrenal 
cortical tumor. Furthermore, when these com- 
pounds are excreted, the values obtained do not 
by any means parallel the intensity of the clini- 
cal picture. —Mary Frances Vastine. 


Moore, Morris, and Jorsrap, Louis H. His- 
toplasmosis and its importance to otorhino- 
laryngologists. A review with report of a new 
case. Ann. Otol., Rhin. S Laryng., Dec., 1943, 
52, 779 5. 

The authors review the literature on this dis- 
ease and report a case of their own in which the 
clinical impression was carcinoma of the buccal 
mucosa. They have tabled 22 cases of histo- 
plasmosis collected from the literature in which 
there was ear, nose and throat involvement. 

Etiology. The organism responsible for retic- 
ulo-endothelial cystomycosis or histoplas- 
mosis, as first described in tissue by Darling, in 
1905, was named Histoplasma capsulatum “4 
cause it appeared very much like a protozoon. 
The true fungous nature of the organism was 
not confirmed until the publications of DeMon- 
breun and of Hansmann and Schenken in 1933 


‘Histoplasma is seen reticulo-endothelial 


phagocytes, in monocytes, alveolar cells, epi- 
thelial cells as of the buccal mucus, in bone mar- 
row and in the peripheral blood or freely dis- 
tributed in affected tissue. 

Epidemiology and Geographical Distribution. 
Histoplasmosis is probably not an epidemic dis- 
ease. It is believed that animals act as carriers of 
the disease. The portal of entry has been con- 
jectured to include the oral cavity, the respira- 
tory tract, the skin and the ear. 

To date, cases have been reported from 
widely distributed points in the United States, 
from the Panama Canal Zone, the Philippines, 
Honduras, Java, Argentina, Brazil, Austria, 
France, South Africa and Mexico. 

As far as can be determined, the incidence in 
histoplasmosis is not related to sex, color, age 
or nationality. 
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Pathology. In general, there has been enlarge- 
ment of the spleen and liver accompanied in 
most cases with tubercle-like nodules varying 
in size and simulating miliary tuberculosis. The 
superficial and deep lymph nodes have usually 
been enlarged. Most of the internal organs have 
been affected either with nodules or ulcers. 

Microscopically, necrotic areas are seen. 
These have a central proliferation with loss of 
cellular structure. The fungi are present in 
large numbers within large mononuclear cells of 
the reticulo-endothelial system. 

Clinical Manifestations and Symptomatology. 
Like other mycotic infections which tend to 
become systemic and present a granulomatous 
picture, histoplasmosis can be divided into sev- 
eral distinct types: 


1. Cutaneous histoplasmosis. Clinically the 
lesions may be papules, papillomata, ulcers, 
suppurative processes with exudate or scaling 
nodules. 

Mucocutaneous type. The lesions are 
found at the mucocutaneous junctions spread- 
ing to the adjacent skin or mucous membrane. 
They are chiefly ulcerative. 

3. Otitic type. All the symptoms of otitis 
media are present in this type. Histoplasmosis 
of the external auditory canal has been noted. 

4. Naso-oral type. The buccal mucosa is most 
often involved usually showing an ulcerous le- 
sion which tends to spread to the gums, palate, 
tonsils and fossa and then to the larynx. 

5. Systemic histoplasmosis. 

Pulmonary type. Histoplasmosis of the 
lungs has occurred in practically all of the cases 
that have been examined postmortem. It is 
similar in many respects to miliary tuberculosis. 

7. Gastrointestinal type. This is to be differ- 
entiated from amebic dysentery and ulcerative 
colitis. 

8. Genitourinary type. Histoplasmosis of the 
genitourinary tract is not an uncommon finding. 

9. Bone and joint type. Key and Large have 
reported the one case of this type recognized to 
date. 

10. Other types. The organism may cause an 
endocarditis. Brain involvement has been found 
in a few cases. 

Diagnosis and Differential Diagnosis. \n order 
to establish the diagnosis, the organism must be 
either demonstrated or cultivated. 

The diseases which have been included in the 
differential diagnosis are: Delhi or Oriental boil, 
leukemia cutis, dermatitis exfoliativa, cutane- 
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ous leishmaniasis, blastomycosis, tuberculosis 
cutis, impetigo, noma, syphilis, otitis media, 
papillomata, rhinosporidiosis, leishmaniasis of 
the nose, carcinoma, kala-azar, miliary tuber- 
culosis, Addison’s disease, Banti’s or Gaucher’s 
disease, aleukemic leukemia, lymphosarcoma, 
lymphadenoma, aplastic anemia, Hodgkin’s 
disease, pulmonary tuberculosis, pneumonia, 
ulcerative colitis, tuberculous enteritis, regional 
ileitis, amebic dysentery, bacillary dysentery, 
tuberculosis of bone, bacterial endocarditis, 
blood dyscrasias, undulant fever and malaria. 

Prognosis and Treatment. Histoplasmosis is 
invariably a fatal disease. Treatment has there- 
fore been extremely varied.—Mary Frances 
Vastine. 


ROENTGEN AND RADIUM THERAPY 


Ericu M., and Gotpner, M. G. 
Use of the basal metabolic rate in the man- 
agement of radiotherapy for leukemia. Radi- 
ology, Feb., 1944, 42, 165-174. 

It was found by chance in the examination 
in 1939 of a leukemia patient who had had pre- 
vious treatment for lymphatic leukemia that a 
pathological rise in the rate of basal metabolism 
took place earlier than any change in the other 
symptoms of the disease and was also influenced 
by treatment earlier than the other signs of the 
disease. It has long been known that the basal 
metabolic rate is high in the majority of leu- 
kemia patients. This is true not only of lym- 
phatic and myelogenous leukemia but also to a 
certain extent of Hodgkin’s disease. 

Histories and charts are given of a number of 
cases in which this finding was confirmed by 
follow-up. The metabolic rate runs parallel with 
the number of leukemic cells and is evidently a 
result of the high oxygen requirement of the 
leukemic blood cells. This would seem to indi- 
cate that the leukemias are a special and pecu- 
liar type of neoplasm. No other form of tumor is 
characterized by increased oxygen requirement. 

The basal metabolic rate should therefore be 

used as the criterion for beginning and termi- 
nating treatment. Formerly it was thought ad- 
visable to give radiation treatment in leukemia 
till the number of white cells returned to nor- 
mal. This often resulted in fatal leukopenia. But 
by using the basal metabolic rate as the deter- 
mining factor much lower doses can be given 
than formerly. With this smaller dosage the pa- 
tient tolerates the treatment much longer and 
his life is lengthened by this increased term of 
treatment. 
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The authors give irradiation over the trunk 
at a distance of 100 cm. with single doses of 15 
to 35 r. The number of treatments varies from 
two to thirteen and the patients tolerate these 
treatments very well.-dudrey G. Morgan. 


Tice, GALen M., and Curran, FE. J. Treat- 
ment of retinoblastoma; radiation therapy 
supplementing surgical treatment. Radiology, 


Jan., 1944, 42, 20-33. 


Retinoblastoma is the second in frequency of 
malignant tumors of the eye. It develops in the 
ciliary portion or posterior segment of the re- 
tina and grows into the eyeball. It has a tend- 
ency to extend backward along the optic nerve, 
which renders surgical treatment difficult. 
About go per cent of the cases occur in children 
less than four years of age. 

The authors discuss 20 cases they have 
treated, 10 of which were bilateral. They recom- 
mend irradiation fcllowing enucleation of the 
affected eye. The diagnosis can usually be made 
from the clinical picture but calcification occurs 
in 75 per cent of these tumors and therefore 
roentgen examination should be made in an at- 
tempt to demonstrate the mottled irregular pat- 
tern of such calcifications. 

They insert monel metal radium needles, 
four to six, around the nerve stump of the enu- 
cleated eye immediately after enucleation. The 
dose given varied from 400 to 1,000 milligram- 
hours. A dose as high as 1,350 mg-hr. has been 
given. Low filtration is used in order to give a 
relatively intense dose in a comparatively 
short time and at a short distance. But the 
caustic dose may injure the remaining eyeball 
if used there, so roentgen therapy with 200 kv. 
and heavy filtration is used for the other eye. 
The beam is directed through three small fields, 
cross-firing the eyeball. Recurrent tumors are 
more apt to become infected than primary ones 
and therefore the authors use radium implants 
only after the removal of primary tumors, not 
after recurrent ones. Any of the complications 

which occur after roentgen therapy, such as 
keratinization of the conjunctiva and corneal 
epithelium, glaucoma, cataract and atrophy of 
the eyeball, may occur after this radium treat- 
ment. 

The histories of the 20 cases are given. Four of 
the patients with unilateral tumor and 4 of 
those with bilateral tumor are still living, a re- 
covery rate of 40 per cent. 

In the discussion Dr. Kaplan said that in the 
irradiation of any lesion about the eye he ap- 
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plies a few drops of castor oil under the lid, 
which decreases the damage of the sclera by the 
irradiation. -dudrey G. Morgan. 


Curter, Max. Cancer of the larynx; radio- 
therapeutic test as an aid in choosing between 
operation and irradiation. Arch. Otolaryng., 
Jan., 1944, 39, 53-58. 


The difficulties associated with surgical pro- 
cedures performed on previously irradiated 
tissues are well known. Irradiation of the blood 
vessels and connective tissues injures them and 
thus impairs the circulation and delays normal 
healing. These changes may also render the 
operative area more susceptible to infection. 
The degree and the duration of this damage of 
tissues depend on the extent and the type of 
radiation employed. In the early days of radio- 
therapy severe damage to normal tissues fre- 
quently occurred. Telangiectasis, atrophy and 
induration of the skin and subcutaneous tissues 
were common. An important feature of the im- 
provement in radiotherapy has been the better 
preservation of the tissues constituting the 
tumor bed. Thus, the ideal form of radiotherapy 
is specific in the sense that it destroys the neo- 
plasm without causing permanent damage to 
the connective tissue and blood vessels of the 
tumor bed. This progress has been accomplished 
by increasing the voltage of roentgen rays (400 
kv.), by increasing the filtration (5 mm. of cop- 
per), by using low roentgen intensity (4.2 r to 
6.3 r per minute), by using the smallest possible 
cutaneous fields (25 to 9 sq. cm.) and by using 
the penetrating gamma ray of radium when 
this method of treatment is indicated. 

In order to gain direct information on this 
problem in relation to the larynx, the author 
and his colleagues studied a group of cancers of 
the larynx treated by the latest methods of 
roentgen therapy followed by laryngectomy. The 
lesions had been diagnosed as carcinoma and 
were selected with great care as being too ex- 
tensive for laryngofissure but apparently not 
beyond cure by laryngectomy. Roentgen ther- 
apy was used as the initial procedure for one or 
more of the following reasons: (1) there was 
partial mobility of the structures leading to the 
possibility of adequate radiosensitivity for cure 
by irradiation; (2) the lesion was a small cell 
plexiform epidermoid carcinoma of the transi- 
tional cell type; (3) the patient was of advanced 
age or in a poor general condition; (4) the pa- 
tient requested or insisted that radiotherapy be 
tried as the initial procedure. 
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Summary. The radiotherapeutic test proved 
to be of value in testing the relative radiosensi- 
tivity of carcinoma of the larynx. The informa- 
tion gained by use of this test is of practical 
value in helping decide between operation and 
irradiation under circumstances in which a de- 
cision is otherwise difficult. If the lesion shows a 
favorable response, the second cycle of treat- 
ment is administered; otherwise, laryngectomy 
is performed four to six weeks after the comple- 
tion of the therapeutic test. 

(In the 4 cases on whom treatment data were 
given, 4,975 to 5,400 r was delivered to one field 
within an eleven day period.)—Mary Frances 
Vastine. 


Rowe, Epwarp W., and Frazer, Maurice D. 
Roentgen therapy of Wilms’ tumor. Radi- 
ology, Keb., 1944, 42, 107-116. 


Wilms’ tumor is an embryonal mixed tumor 
of the kidney that usually occurs in children 
three to five years of age. They do not usually 
come for treatment until there is a palpable 
mass in the kidney region. The hematuria and 
pain seen in kidney tumors in adults are not al- 
ways present. These tumors should not be pal- 
pated more than is necessary as metastases take 
place through the blood. 

The authors describe and illustrate with 
roentgenograms 4 cases they have treated. 
They were in children five, eight, three and 
eight years of age. One case was treated by ope- 
ration followed by postoperative irradiation; 
the patient died within five months. The others 
were given preoperative irradiation followed by 
operation and postoperative irradiation. They 
are alive four years, two years and seven months 
after operation. From a review of the literature 
and their own cases, the authors conclude that 
the treatment of choice in these cases is pre- 
operative irradiation, operation and postopera- 
tive irradiation. In their preoperative irradia- 
tion they give a dose of 3,500 to 4,000 r mea- 
sured with backscatter through four to six 
fields, using 200,000 volts, Thoraeus A filtra- 
tion, 50 cm. distance, 18 ma. and a half-value 
layer of 2.250 mm. copper. 

Close cooperation between urologist and 
roentgenologist is necessary in order to deter- 
mine the right time for operation. Nephrectomy 
should follow preoperative irradiation in four 
to six weeks and operation should be followed 
by postoperative irradiation in three to six 
weeks, or as soon as the condition of the pa- 
tient permits.—Audrey G. Morgan. 
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Ornvorr, BenjJAMIN H. Castration in malig- 
nant and nonmalignant disease. Radiology, 
Feb., 1944, 42, 159-164. 

Sex hormones not only stimulate growth but 
also stimulate the production of glandular ele- 
ments in the breast and prostate. The produc- 
tion of sex hormones is reduced or inhibited by 
castration, either surgical or by means of roent- 
gen rays. In the treatment of carcinoma of the 
prostate the first effort should be to bring about 
such decrease or inhibition of the action of the 
male sex hormone and in cancer of the breast 
inhibition of the action of the female sex hor- 
mone. There is no doubt that the hormone pro- 
duction of pregnancy and lactation stimulates 
malignant disease of the breast. Treatment in 
such cases should be first termination of the 
pregnancy, preferably by irradiation and surgical 
removal of the products of conception if they 
are not discharged spontaneously. Preoperative 
irradiation of the affected breast should be 
given, followed by removal of the breast and 
postoperative irradiation of both the affected 
and nonaffected sides. This will bring about 
early cessation of menstruation. It is also ad- 
visable to continue irradiation of the pelvis at 
intervals of sixty to ninety days until all the 
symptoms of the climacterium have stopped, or 
for at least two years regardless of symptoms. 
Some androgenic agent, such as testosterone or 
desoxycorticosterone propionate should be 
given in daily doses of 10 mg. or more during 
postoperative irradiation and at intervals there- 
after.—Audrey G. Morgan. 


ScHEFFEY, Lewis C., THupium, J., 
and Fare.i, Daviv M. Further experience 
in the management and treatment of car- 
cinoma of the fundus of the uterus, with $- 
year end results in 75 patients. 4m. 7}. Odst. 
& Gynec., Dec., 1943, £6, 786-802. 


The authors include the following points in 
their summary and conclusions as the result of 
the study of 127 patients having carcinoma of 
the fundus. This work is from the Department 
of Gynecology and the Tumor Clinic, Jefferson 
Medical College Hospital, Philadelphia. 

. The average age of the postmenopausal 
group was 58.9 years, and the diagnosis was 
suspected correctly in go per cent of the pa- 
tients because of the postmenopausal bleeding 
alone. The postmenopausal group included 78.7 
per cent of the patients with carcinoma of the 


fundus. 


. In the premenopausal group (21.3 per 
sia the average age was 46.3 years. In Io per 
cent carcinoma was not suspected. Abnormal 
uterine bleeding was the most significant and 
reliable finding in 96 per cent of the entire series, 
It is among the younger women who have not 
ceased menstruating that irregular bleeding is 
too often regarded as benign in origin, and ill- 
advised or inadequate treatment results. 


The value of diagnostic currettage is ap- 
parent for omission of the procedure was es- 
pecially costly in certain instances. No known 
ill results followed its use. 


4. Fibromyomas were noted approxi- 
mately 38 per cent of all patients treated surgi- 
cally and palpation suggested their presence in 
a number of irradiated patients. Previous pel- 
vic operative procedures had occurred in nearly 
30 per cent of all the patients. 


5. Carcinoma was thought to be limited to 
the uterus in 74 per cent of the patients when 
they were first seen. 


6. It is not a simple matter to establish a de- 
cisive gradation of malignancy in every case. 
Not infrequently the picture is a varied one. It 
would seem that low-grade lesions respond 
equally well to irradiation and surgery. How- 
ever, the survival rate in intermediate and 
high-grade lesions seems to be materially im- 
proved where irradiation has been a factor in 
the treatment, either singly or in combination 


with surgery. Prognosis based on the grade of 
malignancy alone is uncertain; it is only one of 


the various factors that must be considered. 


7. The various methods of treatment used 
are described in detail with presentation of the 
relative five year end-results respectively, as 
follows: (a) surgery alone, 18.1 per cent; (4) 
irradiation alone, 40.5 per cent; (c) surgery and 
irradiation, 38.4 per cent. Irrespective of the 
type of treatment, the five year end-results are 
38.6 per cent absolute and 39.1 per cent rela- 
tive. 

The authors are convinced that prelimi- 
nary irradiation with radium, followed by com- 
plete operation eight to ten weeks later is the 
treatment of choice in carcinoma of the fundus. 
With relation to intrauterine radium dosage, 
residual carcinoma was absent in 7 of g patients 
in the series who received an intrauterine dos- 
age of 4,000 to 5,000 mg-hr.—Mary Frances 
Vastine. 


IS 


BY 


4 
4 
—- 
RLy Suns, 


